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SUMMARY 
The cormorants are one of the most visible piscivore birds belonging to the single 
genus Phalacrocorax with almost worldwide distribution. As mentioned by Del Hoya 
et. al (1992) there are 39 species of cormorants out of which 11 species are threatened 
and one species is extinct since 1600. In India only four species are found: Large 
cormorant (Phalacrocorax carho). Indian Shag (Phalacrocorax fuscicollis). Little 
cormorant {Phalacrocorax niger) and Pygmy Cormorant (Phalacrocorax pygmacus). 
Out of these four species, the Pygmy Cormorant remains a rare vagrant while other 
three are found in good numbers but on account of depletion of wetlands their future 
is also far from secure (Yahya, 1995).The cormorants have been placed in schedule 4 
of the Indian Wildlife Protection Act (1972). 
The present study on "Ecology and Biology of cormorants (^Phalacrocorax 
spp.) with special reference to P. carbo & P. niger in and around Aligarh" deals with 
the various aspects of ecology and biology of cormorants {Phalacrocorax spp.^  and 
tries to analyse the mode of ecological isolation between the sympatric species. 
Ecological isolation is a phenomenon by which "competing species" co-exist in the 
same locality by exploiting the available resources differentially. Ecological isolation 
is a universal feature of species, but it is not a distinguishing feature of species. It is 
often recorded between ecological races and between sympatric species (Grant, 1991). 
The present work evaluates the various isolating mechanisms segregating these 
congeneric sympatric species and might help to understand their certain behavioral 
traits to some extent. 
The field study commenced in October 2000 in Sheikha Jheel and continued 
until March 2004. A preliminary survey was done in and around Aligarh district. 
During these surveys I found that the two sympatric species of cormorants (little and 
large cormorant) were successfully coexisting in Sheikha. Hence Sheikha Jheel was 
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selected as the intensive study area to examine and compare ecological paradigm of 
the two cormorant species. Sheikha Jheel is a typical perennial rainfed wetland of the 
gangetic plains known for its rich biodiversity. It has been identified as Important 
Bird Area (IBA) site. The lake came into existence only after the formation of the 
Upper Ganga Canal in 1852. It has been declared as closed area under the Wildlife 
Protection Act (1972). The total area of the Jheel is about 1 Sq Km but seepage water 
from adjoining canal stretches in larger areas. For the convenience of study the Jheel 
and its adjoining pools have been given the name Sheikha 'A', 'B' and ' C (Yahya et 
a/1990). 
tti£^^^ 
The Cormorants under study 
Large Cormorant (Phalacrocorax carbo) is a glossy black cormorant with metallic 
bluish or greenish sheen, with a broad white patch on posterior flanks. Head, crest, 
and neck more or less mixed with silky white feathers. Facial skin and throat are 
white; gular pouch bright yellow. 
Little Cormorant (Phalacrocorax niger) is smaller than Indian cormorant with 
shorter bill, rectangular shaped head and shorter neck. It is overall black in color with 
a bluish or greenish sheen. 
The main objective of this study were as follows 
• To determine the habitat utilization pattern of the sympatric cormorant species 
found in Sheikha Jheel. 
• To monitor their activity paliern. 
• To conduct a comparative study on their foraging ecology. 
• To carry out comparative study on their roosting behavior. 
• To study inter-and intraspecific interactions of the cormorants. 
• To ascertain their ecological niche and ecological isolation. 
The parameters selected to achieve the above objectives were habitat use, activity 
pattern, foraging ecology and roosting ecology of the cormorants. The thesis has been 
organized into seven chapters. Details of methodology and data analysis have been 
given separately in the respective chapters. 
Methods 
During the preliminary survey carried out in Sheikha potential roosting site, 
various habitat types and trails in these habitats were identified. To study the habitat 
utilization pattern of two cormorant species the line transect method (Emlen 1971) 
was used. Trails were monitored thrice a week, on alternate days in three different 
four- hourly shifts i.e. morning, noon and afternoon shifts. An encounter with a group 
or an individual of little and large cormorants was recorded as one sighting in that 
habitat type. Data on number of group was also recorded in each habitat. Immediately 
after the bird left the area vegetative community, water depth, group size, activity, 
substrate used, associated species and habitat type were recorded. Trees were 
enumerated in 10 m circular plot and information on tree height, GBH, percent tree 
canopy cover, canopy utilized and ground cover was recorded. Tree canopy cover was 
estimated using pipe method consisting of four grids. The ground cover values were 
quantified by using a Im measuring tape. Aquatic vegetation was sampled using 0.5m 
X 0.5 m gridded quadrat. To measure water depth the wetland was divided into 
segments each of 5m width beginning at a random location from the wetland edge. A 
cm-marked sampling rod was used at these regularly spaced points for measuring 
depth. 
Association of two sympatric species of cormorants with other avian species 
in Sheikha Jheel was assessed by recording their presence and absence in the Jheel on 
every field trip. Data was collected on alternate days in three shifts morning hrs, noon 
hrs and afternoon hrs covering all three seasons. Hierarchical agglomerative cluster 
analysis (Single linkage nearest neighbor method based on Euclidean distances) was 
done to produce the cluster diagram showing association of two sympatric species of 
cormorants with other bird species. 
"Focal Animal Sampling" (Altman 1974) was done to study the 
activity budget and foraging ecology. In this method one individual is the focus of 
observation during a particular sample period (Lehner 1979). This sampling was 
carried out thrice a week, on alternate days. The hours of the day were divided into 
three four -hourly shifts: 6 to 10, 10 to 14 and 14 to 18 hrs, and observations were 
made on alternate shifts (Yahya 1980, 1988) a modification of Repeated Standard 
Observations, suggested by Hartley 1953. Focal bird was observed continuously until 
it left the area. Once it was out of sight I switched to another individual. To determine 
the activity budget data was recorded on the activities performed and amount of time 
spent in those activities. While recording data a particular behavior was noted only if 
it lasted for 15 seconds. For foraging ecology data was collected number of dives, 
duration of their sequential dives and surface pause after reemergence (using a stop-
watch) and foraging behavior. 
To study the roosting ecology roosting site was visited thrice a week, half an 
hour before sunrise and one hour before sunset to record the roosting schedule of the 
birds. We started recording the data as soon as we encountered first arrival and first 
departure. This data was used to obtain the emerging and settling time of two species. 
Roosting hours were also calculated using this data set. Flock size of both the species 
was also calculated. At roost sites various pre- and post- roosting activities were 
recorded. Sampling was done on roosting site. Habitat type, tree species, tree height. 
GBH, distance from water body, nearest human habitation, percent canopy cover, type of 
canopy used were recorded. 
Chi-square contingency analysis (Goodness of Fit Test) was performed to test the 
significance of association between species and different habitat variables; between 
species and foraging behavior. Using Chi- square test comparisons were also made of the 
frequencies each species used different habitat variables and foraging behavior. Niche 
breadth was calculated using Levin's (1968) diversity index and Shannon- Wiener 
measure of niche breadth. Simplified Morisita Index (C A Horn's 1966) and Horn's Index 
was used to determine the degree of overlap for resource use between species in various 
categories of habitat and foraging matrix. 
One way ANOVA (F-Test) was performed on the pooled data 2001-2004 for 
comparisons within species. Tukey's Post hoc test was also carried out for multiple 
comparisons. The Mann -Whitney U test was employed to see variations in between two 
species during the overall study. To analyse any correlation statistical method of Karl 
Pearson's co-efficient of correlation was applied to the data. 
Results 
Habitat Utilization 
On the whole, 10 sub habitat types wore utilized by the two sympatric species of 
cormorants in Sheikha. A significant association cxisicd between two cormoranl species 
and habitat (X'^22.192, P<0.05, d.f. 9). The most preferred habitat for large cormorant, 
based on the frequency of use, was open water while for little cormorant pools were most 
preferred. Habitat use by little cormorant (X^= 44.514, P<0.001, d.f. 9) and large 
cormorant (X^= 79.722, P<0.001, d.f 9) differed among different habitat types. 
Data collected along transects in these habitats indicated that number of flocks 
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(%) of two species are associated significantly with habitats (X =^ 39.366. P<0.001. 
d.f. 9). 
A significant association was found between two cormorant species and water 
depth (X^=18.7, P<0.01, d.f. 3). Large cormorants were associated with water depth 
101-150 cm and more than 150 cm while little cormorant was associated with depth 
categories 13-50 cm and 51-100 cm. Depth use by little cormorant did not differed 
significantly among different categories. In contrast, the frequency of occurrence of 
large cormorant in different categories of depth differed significantly. Little 
cormorant and large cormorant exhibited significant variation in occurrence in 
different categories of water stretch. The proportion of two species consistently 
increased with increasing water stretch and declined with the increase in aquatic 
vegetation cover. 
No significant association was found between two cormorant species and 
vegetation cover (X^= 6.56, P>0.05, d.f 4); and tree height (X^= 0.9, P>0.05, d.f 2); 
and canopy cover (X =^ 3.4, P>0.05, d.f 4). Little cormorant and large cormorant 
occurred most often in the segment where vegetation cover was recorded 0-20%. 
Their higher proportion of occurrence on tree was recorded in category 10-20 m. 
Little cormorants were found to utilize 61-80% canopy cover more frequently while 
large cormorant was most often utilizing 81-100% canopy cover. A significant 
association existed between two cormorant species and percent ground cover. The 
results also show that the frequency of occurrence of both species varied for different 
percent ground cover categories. 
Little cormorant was found to utilize wider range of tree heights, vegetation 
cover and grass cover than did large cormorant revealing that large cormorant has a 
narrow niche breadth for these variables as compared to little cormorant. The niche 
overlap values for the species pair were generally high for the habitat, water stretch. 
depth, vegetation cover and canopy cover. Ground cover categories (bare ground and 
grass cover), tree height and proportions of flocks were the dimensions with low 
overlaps as compared to other dimensions. Hence they seemed to be contributing 
most to niche separation. 
In all 52 species of birds were recorded on the basis of presence and absence 
of two sympatric species of cormorants along with other avian species in Sheikha 
jheel in different seasons during the study period. Seven different clusters were 
identified. 
Time Activity Budget 
During the study period the activity budget of two sympatric species of cormorants in 
daylight hours was successfully studied for 1444 hours (Little cormorant= 724 hrs and 
Large connorant= 720 hrs). Altogether 13 behavioral categories were identified for 
the two cormorant species. Resting, Foraging, Loaflng, Preening, Sunbasking, 
Flying, Wing flapping, Defecating, Bathing, Head scratching. Sitting Alert, 
Chasing and Diving. 
Statistically significant difference was found in the time spent in different 
activities within the same species during the study. The most frequent category was 
resting, followed by foraging and loafing for the little cormorant and resting followed 
by foraging and preening for the large cormorant. Mann whitney U test results 
showed that resting, foraging, preening, wing flapping, head scratching, bathing, and 
defecation activities differed significantly between two species. Rest of the activities 
did not differ significantly. 
When season- wise analysis was done it was found that resting was the major 
activity followed by foraging in all seasons in little cormorant. In large cormorant also 
in monsoon and summer resting was the major activity while proportion of time 
allocated to resting in winter was almost similar to foraging time. Percentage lime 
allocated to preening, loafing, flying and sunbasking was higher in winter in both the 
species than in summer. In little and large cormorant seasonal variations in time 
allotment for foraging, loafing, resting and sunbasking in three different seasons 
differed significantly. Rest of the activities did not differ significantly. 
The statistical tests performed on the pooled data of entire study period to see 
differences within species revealed that various activities of the cormorants 
significantly varied in different hours of the day vis- a - vis in different seasons. The 
results of Mann- whitney U test performed to sec the statistical differences in 
activities between two species in different periods of day, showed that preening, 
foraging, resting, wing flapping, bathing, head scratching were the activities that 
varied significantly in morning hours. Preening, foraging, resting and flying were the 
activities that varied significantly in noon hours, whereas in afternoon hours foraging, 
wing flapping, bathing and defecation were the activities that differed significantly. 
The Mann- Whitney U test performed between little and large cormorant with 
this pooled data for different periods of day in different seasons gave significant 
differences in allocation time of preening, loafing and resting in morning hours in 
winter and monsoon season. In noon hours time spent in resting in all three seasons 
differed significantly between two species, in preening it varied significantly in winter 
and monsoon while in loafing it differed in monsoon season. Time spent in afternoon 
hours for preening and flying + dive differed significantly only in monsoon season 
while foraging time differed significantly only in winter season. 
Foraging Ecology 
Three types of foraging behaviors were identified: Plunge Diving /Underwater 
paddling, Swimming (Pauses) and Wing Flapping/Fluttering. A significant 
association was found between two cormorant species and foraging behavior (X^= 
24.91, P<0.001, d.f 2). Frequencies of use of different foraging behaviors by little 
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cormorant (X =^ 59.06, P<0.001, d.f. 2) and large cormorant {X^= 117.42, P<0.001, 
d.f. 2) differed significantly. Both the species were found foraging alone and 
sometimes in groups. In little cormorant mean size of feeding flocks was 1.8. In large 
cormorant mean size of feeding flocks were 2.2. 
Dive time showed positive correlation with water depth in large and little 
cormorants. A positive relationship was also found between dive length and post dive 
pause in both the species Highly significant association was found between two 
cormorant species and pause- dive time (X^=19.86, P<0.01, d.f 1) and in dive 
duration (X^=l 12.25, P<0.01, d.f 5). When I compared the proportions of sympatric 
species showing dive length above 15 seconds it was found 92.5% of large cormorant 
had dive length more than 15 seconds whereas only 22.21% of little cormorant were 
recorded having dive duration of more than 15 seconds. Significant differences was 
found in the frequencies of occurrence little (X^=124.31, P<0.001, d.f 5) and large 
(X =^ 68.96, P<0.001, d.f 5) cormorants in different dive duration categories. Time 
spent underwater per foraging session by large cormorant was comparatively high 
(7.26min ± 1.0 S.E) than by little Cormorant (3.54 ± 0.7 S.E.). Little Cormorant had a 
mean dive time of 11.9 sec ± 0.1 S.E. while large cormorant had 19.8 sec ± 0.9 S.E. 
Statistical results show no significant association between two cormorant 
species and proportions of feeding birds at different distances from shore (X^=1.58, 
P>0.05, d.f 3), at different hours of the day (X^=1.02, P>0.05, d.f 2) and in different 
seasons (X^=1.188, P>0.05, d.f 2). In both little cormorant and large cormorant 
highest foraging was observed in morning hours and in winter season. 
Little cormorant was found to use wider range of behaviors, dive durations 
and pause- dive relations than did the large cormorant. Niche indices show 
considerable overlap for foraging behavior, pause- dive relations, distance from shore, 
% foraging in different seasons and different times of the day. There was smallest 
overlap in dive duration. 
Roosting Ecology 
The cormorants under this study roosted in close proximity with human 
settlement. Little and large cormorants invariably form mixed communal roost. By 
comparing data on vegetation cheiracteristic of used and unused trees, it was found 
that there was significant difference in tree height, GBH and canopy cover of used 
and unused trees at roosting site. 
It was observed that cormorants started emerging later than to other avian 
species on roost, especially the egrets. They became active and started their daily 
activities a little before sunrise. Little cormorants started vacating the roost about 15 
to 21 min before sunrise while large cormorants started leaving the roost about 10 to 
15 min before sunrise. They were primarily seen arriving and departing singly, at 
times a group of 2 or 3 was also recorded. Emergence and settling time of cormorants 
showed significant positive correlation with sunrise and sunset. It was observed thai 
the time of settling and emerging varied in accordance with different months. In 
month of November, December and January both the species of cormorants settled a 
bit earlier than in other months while they emerged a bit late in December and 
January. Generally, both the species were found settling 5-7 min earlier and emerging 
5 min later than the normal times on cloudy evenings and mornings. 
Month wise comparisons done to ascertain the monthly difference in the 
roosting pattern within two species revealed that there was significant difference in 
the roosting hours of both little cormorant (F=230.539, P<0.000 df = 11, n= 96) and 
large cormorant (F=l38.590, P<0.000 df =11, n= 96) in different months during the 
study period. 
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It was found that in all the three seasons i.e. winter, summer and monsoon, 
there were significant difference in the roosting hours of little cormorant and large 
cormorant. Both the species of cormorant perform certain post- and pre- roosting 
displays. Before finally retiring for a night sleep they were seen hopping on the 
branches, preening, flying and sometimes sitting alert. On some occasion I found two 
birds chasing each other. At times serious competition also goes on for occupying the 
best place. By the time a little light broke a tremendous activity started among the 
cormorants and then they started dispersing in all directions. 
Conservation and Management 
Proper Management of area: Sheikha Jheel should be declared as a multiple use 
protected area allowing access to people for recreational, economic and social reasons 
as they do have sentimental association with the wildlife in the Jheel. The district 
administration in 1991 took certain steps to beautify Sheikha Jheel but that are 
inadequate. Moreover, Sheikha being a small wetland does not need mound as they 
restrict the flow of water and might give an impression of land to the migratory birds 
from a height. The watch tower now being built in Sheikha is a right step as it will 
help people to watch birds easily. 
There are large numbers of trees on two sides of the Jheel. If more trees are planted 
around or inside the Jheel the wetland will be encroached by a forest, so no more tree 
plantation should be allowed near the Jheel. 
The population of aquatic avifauna in wetlands is the useful indicators of the 
ecological status of wetland ecosystem (Axell, 1982). The Sheikha Jheel is home for 
large number of resident and migratory water fowl. During the present study a number 
of problems associated with wetland birds, especially cormorants, have been 
identified. The most widely prevalent weed, Water hyacinth Echhornia crassipes is 
found to grow and cover every puddle of water, marshes, ponds within the Sheikha 
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Jheel, especially in Sheikha B, resulting in the shrinkage of open water. This in turn 
affects the habitat of cormorants as they prefer areas of open water. The macrophytes 
also restrict foraging habitat for cormorants and shelter the fishes. 
Illegal Hshing and poaching should be stopped: Another problem of the Sheikha 
Jheel is illegal fishing by local people. This greatly affects for the several fish eating 
birds including the cormorants. Local people should also be educated on bird 
conservation and wildlife protection. Moreover, the Sheikha Jheel is an IBA Site, 
therefore, its management is an important paramount issue. Since the resident 
waterfowl spend most of their life, including breeding, in the wetland, their 
conservation should have priority in the management of wetlands (Vijayan, 1995). 
Awareness among locals: Sheikha also has management problems arising out of the 
interaction with the local communities. The long- term solution to the problem of 
protecting wetlands lies in educating people. Unless people realize the need to 
safeguard of the wetland ecosystems, there is little hope for the survival of these 
ecologically valuable habitats (Anonymous, 1992). 
Monitoring and Research: Wetland and waterbird research should be encouraged in 
the area. Regular monitoring of species diversity in area is required. This may be 
conducted by the Forest Department with the help of local NGO's. 
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CHAPTER 1 
INTRODUCTION 
1.1 Background 
The connorants are most visible piscivores belonging to order Pelecaniformes, 
suborder Pelicani, femily Phalacrocoracidae. There are 39 species and 57 taxa under 
the single genus Phalacrocorax found worldwide, 11 species are threatened and one 
species is extinct since 1600 (Del HoyCe/. al 1992). They have been placed in 
schedule 4 of the Indian Wildlife Protection Act (1972). In India only four species are 
found: Large cormorant (Phalacrocorax carbo), Indian Shag (Phalacrocorax 
fuscicollis), Little cormorant {Phalacrocorax niger) and Pygmy Cormorant 
(Phalacrocorax pygmaeus). Out of these four species, the Pygmy Cormorant remains 
a rare vagrant while other three are found in good numbers (Yahya, 1995). 
The cormorants are gregarious, fish eating, colonial nesting water birds. All 
Indian species are characterized by black plumage, whence collectively known as 
"Pan kowwa orjal-Kowwa" (Ali and Ripley, 1981), found mainly on inland waters-
jheels, rivers, irrigation reservoirs, etc. They are rarely also found on brakish lagoons 
and tidal creeks (Ali & Ripley, 1981). Sexes are alike, plumage is less dense or 
resistant to water than in ducks and becomes permeated by prolonged immersion and 
requires constant drying out. At times they become notorious for their prodigious 
appetites and their depredations on local fish populations. Cormorant species tend to 
be opportunistic, adaptable and highly attracted to concentrated food sources and 
there is long tendency to blame them for mortality of commercially important fish 
(Bayer 1989). They have been reported feeding by plunge diving (Duffy et al 1986) 
and feeding on trawler offal (Blaber and Wassenberg 1989). Most cormorants catch 
their prey by underwater diving in pursuit of live prey (Ainley et a/ 1981). The Indian 
cormorants breed in mixed heronries with egrets, ibises, storks and herons. 
Great Lakes double-crested cormorant attracted controversy and enemies as 
its population began increasing in the mid-1940's. This increase alarmed the 
commercial fishermen that the birds were eating their catch. They were so much 
worried that they waded into the rookeries crushing eggs, killing nestlings and 
burning nests. Beginning in the late 1950's, these actions were supplanted by a more 
efficient form of cormorant control. The widespread introduction of DDT and 
subsequent DDT-induced eggshell thinning led to almost total reproductive failure in 
the Great Lakes colonies. Ever since DDT was banned, the birds fortunes have been 
on the rise, hastened by the soaring fortunes of the Great Lakes commercial lake trout 
fishery. In the 1950s and 60s, these fishermen aggressively harvested large numbers 
of fish, driving the trout population down and removing a threat to certain smaller 
forage fish. Freed from predation, these smaller fish became abundant. And like 
brown bears at a dump, the cormorants showed up, started eating and never left 
(Rivlin 1994). Recent increases in cormorant populations in Western Europe have led 
to new conflicts between fishermen and nature conservationists, a situation which has 
stimulated research into the food requirements of these birds (Gremillet, Schmid & 
Culikl995). 
The Great Cormorants, a high-trophic level consumer in the wetland 
ecosystem, occurred widely throughout Japan before 1940, and then both their ranges 
and numbers decreased rapidly because of illegal hunting. After 1945, the expansion 
of human activities, development, and water pollution were the causes of fiirther 
decreases in the cormorant population and range. By the beginning of the 1970s this 
species was considered as threatened. In 1971, fewer than 3,000 cormorants bred in 
just three colonies in Japan. However, the population size has increased gradually. 
The main reasons for this increase are assumed to have included improvements to 
freshwater quality, progress in freshwater purification (which led to increased fish 
stocks), and reduced disturbance of cormorants by people (Fukuda, Narusue and Kato 
2002). 
The present study deals with the various aspects of ecology and biology of 
cormorants {Phalacrocorax spp.^ and tries to analyse the mode of ecological isolation 
between the sympatric species. Ecological isolation is a phenomenon by which 
"competing species" co-exist in the same locality by exploiting the available 
resources differentially. Ecological isolation is a universal feature of species, but it is 
not a distinguishing feature of species. It is often recorded between ecological races 
and between sympatric species (Grant, 1991). The ability of the population to live in 
the same locality is determined by the availability of the appropriate habitats or 
niches and by force of interspecific competition. 
Cause (1934) claimed that congeneric, sympatric species with identical 
ecological requirements cannot co-exist in the same area. According to him, if several 
closely related species are found in the same habitat, they are isolated ecologically; 
otherwise the fittest species eliminates other. This concept had been propounded by 
various other workers from Darwin (1859) to Elton (1927). It is commonly referred to 
as 'Cause's Hypothesis'or 'Competitive Exclusion Principle'. This principle implies 
that those species vAiich differ primarily in range differ in their adaptations to their 
respective ranges; that those which may not differ primarily in their foods differ in 
their feeding adaptations (Lack, 1971). 
Hardin (1960) states this principle succinctly as "Complete competitors 
cannot coexist". Species that come into competition will evolve differences to 
minimize the impact of competition. These differences can be in body size, beak size, 
in diet or in other resource partitioning. According to Lack (1944) closely related 
species, where sympatric, tend to differ in feeding habits, body size, beak size and 
often in diet. Size differences between closely related sympatric species have been 
implicated as being necessary for coexistence (Hutchinson, 1959; Mac Arthur, 1972; 
Schoener, 1965, 1983). Yahya (1980, 2001) supported Huxely's (1942) postulation 
that big size differences between congeneric and sympatric species of birds are a 
means of ecological isolation. 
Much of the work in ecology has assumed that competition has occurred and 
is necessary for the coexistence of species. It is one of the major assumptions in 
Darwin's theory of natural selection. According to Lotak-Volterra equation 
coexistence occurs when intraspecific competition within a species is greater than 
interspecific competition between two species (Caughley and Sinclair, 1994). 
Lack (1971) also opined that two species of animals can coexist in the same 
area only if they differ in ecology. Such ecological isolation, brought about through 
competitive exclusion is of basic importance in origm of new species, adaptive 
radiation, species diversity and the composition of faunas. While reconsidenng the 
Darwin theory of evolution of "Darwin Finches" in 1943 Lack had pointed out that, 
two well-marked subspecies with sufficient genetic differences could persist in the 
same area only if they also differ sufficiently in ecology for one not to eliminate the 
other through competition. Their ecological differences might be small when they 
first meet, but since those individuals with such differences will tend to survive better 
than those which lack them, they will be intensified by natural selection until the two 
species no longer compete effectively for essential resources. This suggests that 
though closely related species of birds arise only through geographical isolation, they 
often occupy separate habitats. 
Many groups of closely related sympatric species have been studied. Usually 
the important ecological differences between such species are of one or more of three 
basic types: (1) The species exploit different habitats or microhabitats (differential 
spatial utilization of the environment); (2) They eat different foods; or (3) they are 
active at different times (differential patterns of temporal activity). Such ecological 
differences are known as "niche dimensions" (Pianka 1988). Thus, as given by Grant 
(1991) the ecological isolation is a consequence of the secular ecological 
differentiation between sympatric species and the barriers to gene-exchange are 
secular-ecological in nature. 
The mechanism of ecological isolation has been classified in different ways 
by different authors. The table given below summarizes the concept as given by Grant 
(1991) The isolating mechanisms can be classified as follows: 
I Spatial 
I Geographical isolation 
Q. Environmental 
2. Ecological Isolation 
2. Ecological Isolation 
III. Reproductive 
A. Premating barriers 
3. Temporal isolation 
a. Seasonal 
b. Diurnal 
4. Ethological isolation 
5. Mechanical isolation 
6. Gametic isolation 
B. Postmating barriers 
7. Incompatibility barriers 
a. Prefertilization 
b. Postfertilization 
8. Hybrid inviability 
9. Hybrid sterility 
a. Genie 
b. Chromosomal 
c. Cytoplasmic 
10. Hybrid breakdown 
1.2 Rationale 
Cause's Hypothesis' has been tested and found true for variety of bird species in 
Europe, America and Australia (Lack 1971). Lack (1944, 1945) studied the ecology 
of closely related species of birds in an attempt to test this hypothesis. One example 
{Phalacrocorax aristotelis). These species are very similar in habits and appeared to 
overlap widely in their ecological requirements; they are both cliff nesters and feed 
on fish in the same coastal waters, but hunt below the surface at different levels for 
mainly different types of prey. Lack showed that the cormorant nests chiefly on flat 
broad cliflF and feeds mainly out at sea. Thus there were significant ecological 
differences between these closely related species and competition was minimized. 
Despite the multitude of studies describing the ways in which animals 
partition resources, rarely has consideration been given to the origin of this 
partitioning and the mechanism that maintain it (Kent 1986). Several studies have 
considered partitioning mechanisms among coexisting heron species. Whitfield and 
Blaber (1979) found that segregation was achieved through a combination of prey 
size and wading depth among four different size herons in lake St. Lucia, Natal, 
South Africa. Custer and Osbom (1978) found that Great egret {Egretta alba) fed in 
deeper water than did the smaller Snowy egret {Egretta thula) and Tricolored heron 
(£. tricolor). 
Williard (1977) working in fresh and salt water marshes in New Jersey found 
that larger herons ate larger fish and fed in deeper water than did smaller herons. 
While medium size herons ate similarly sized fish but used different foraging 
behaviors and habitats. Horn (1983) found differences in prey size among Snowy 
egrets. Great egrets and Great blue herons {Ardca hentJius) in a California salt 
marsh. Jenni (1969) found differences in food items, behavior, and foraging depth 
among four species in freshwater in Florida. Rodgers (1983) study on heron foraging 
behavior in Tampa Bay suggested that little Blue herons (E. caerulea). Snowy egrets 
and Tricolored herons forged in similar manner. 
Studies of cormorant breeding and feeding ecology are available mainly for 
southern British Columbia and parts of California (Drent et al. 1964; Gress et al 
1973; Robertson 1974; Ayers 1975; Hunt et a/. 1979; Ainley et al. 1981 and Siegel-
Causey and Hunt 1981, 86). Like many other North American migrants, little 
information is available for cormorants on migration or winter ecology in published 
literature (Erwin 1995). With one notable exception in California (M. M.Bishop, 
unpubl. data), no long term studies of breeding were presented or cited, and no study 
of individually marked or known aged birds have been conducted (Nisbet 1995). 
Sapoznikow et al. (2003) has done a study on the "Foraging behavior and 
feeding locations of Imperial Cormorants {Phalacrocorax atriceps) and Rock Shags 
{Fhalacrocorax magellanicus) breeding sympatrically in Patagonia, Argentina". They 
found that Rock Shags and Imperial Cormorants breeding in the same colony showed 
an overlap in their foraging areas. Although both species are usually described as 
having different diving capacities, they found that their diving behavior was similar 
when feeding in areas of similar environmental conditions. 
In India only a few serious studies on ecological isolation in birds have so far 
been undertaken, such as Grubh (1974), Vijyan (1975), Zacharis (1978), Vijayan 
(I *'84), Yahya (1980, 2001) and some others. The literature survey reveals that very 
liille work has been done on ecology of cormorants. While discussing conservation 
priorities of Indian cormorants Yahya (1995) comments, "though still found in good 
numbers, with the fast and steady decline of wetlands, the future of cormorants in 
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India is far from being secured." He had also suggested that a long term study on each 
species of cormorants should be initiated to determine the causes of habitat 
deterioration, population decline and to suggest remedial measures. Considering this 
gap for such a fascinating group of birds, I undertook the present study on "Ecology 
and Biology of cormorants {Phalacrocorax spp.) with special reference to P. carho & 
P. niger in and around Aligarh." The study was started in October 2000 in Sheikha 
jheel and continued until March 2004. The present research helped us to evaluate the 
various isolating mechanisms segregating these congeneric sympatric species and to 
understand their certain behavioral traits to some extent. 
13 The Cormorants under study 
Preliminary survey for the present study was done in and around Aligarh district. 
During these surveys I found that the two sympatric species of cormorants (little and 
large cormorant) were successfully coexisting in Sheikha. Hence Sheikha was 
selected as the intensive study area to examine and compare ecological paradigm of 
cormorant species, one of the common resident water birds found in India. 
Large Cormorant (Phalacrocorax carbo): This is a glossy black cormorant with 
metallic bluish or greenish sheen, with a broad white patch on posterior flanks Head, 
crest, and neck more or less mixed with silky white feathers. Facial skin and throat 
are white; gular pouch bright yellow. During the breeding season it also develops 
white oval thigh patches, which feature in courtship displays. These displays take 
place at the nest, consist of rapid wing and head raising and lowering on the part of 
the male, timed so that the white throat and thigh patches are displayed in quick 
alteration (Ali & Ripley, 1981). 
In winter (non-breeding) plumage the hoariness of the head and neck, and the 
white thigh patches disappear; the yellow gular pouch becomes less bright. It 
becomes more blackish brown in non-breeding season. It is differentiated from our 
other cormorants chiefly on size. It is larger and bulkier than Indian Shag 
(Phalacrocorax juscicollis) with thicker neck, larger and angular head and stouter 
bill. It is also larger in size as compared to little cormorant therefore, can be readily 
identified by its size, by its slender bill hooked at tip and yellow gular pouch, and by 
its white throat and cheeks. It has longish stiff tail. Immature large cormorant has 
whitish or pale buff under parts. 
Large cormorant swims low on water with only the longish neck and a thin 
slice of back showing. It settles on rocks, sand-banks or trees with an upright carriage 
often with wings and tail spread out to dry. Some populations of large cormorant 
frequents from Holland to central Asia; Burma, Thailand, Indochina and Malaysia to 
China to central and southern Europe. The species, in several geographical races, is 
found across the sea coasts of Britain, north America, mainland Europe, north Africa, 
Asia and Australasia. In India it is a resident and locally migratory bird, found in the 
neighborhood of inland waters, including Himalayan lakes and rivers, Jheels, 
irrigation reservoirs, etc. Within our limits it is found in Kashmir, Ladakh, across the 
Gangetic Plain to eastern Assam, south India through the Peninsula, also in Ceylon & 
Nepal (Ah & Ripley, 1«)8I) 
Little Cormorant (Phalacrocnrax niger): It is smaller than large cormorant, with 
shorter bill, rectangular shaped head and shorter neck. It is overall black in colour 
with a bluish or greenish sheen. Upper back and wing- coverts dark silvery grey. 
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scalloped with black. A short crest on occiput and nape and a few silky white feathers 
grow on the sides of head and neck during the breeding season. In non-breeding 
plumage crest and white feathers in head disappears and throat becomes white. 
Immature has a whitish chin and throat. Fore neck and breast are paler than 
upperparts (Ali & Ripley, 1981). 
The little cormorant is a resident bird, with local movements depending on 
water conditions. Found throughout Indian subcontinent and in Ceylon. Absent in the 
Upper Himalayas and northern West Pakistan. Affects jheels, rivers irrigation 
reservoirs and canals, village tanks, tidal estuaries, etc. Beyond our limits it is 
distributed in Burma, Thailand, Indochina, Malaysia, Indonesia east to the Greater 
Sunda Islands. This bird is generally solitary but seen at places like Bharatpur m great 
flocks, when water conditions favour an abundance offish. When not on water these 
birds are frequently seen perched on rocks or branches with wings hung out to dry. Its 
plumage is permeable to water. During communal hunts, in which densely packed 
rabbles participate, the birds often leap-frog over their fellows in their eagerness to 
plunge after a shoal offish (Ali & Ripley, 1981). It mainly eats fish, to a lesser extent 
also tadpoles, frogs, and crustaceans. 
1.4 Objectives 
The main objectives of this study were as follows 
• To determine the habitat utilization pattern of the sympatric cormorant species 
found in Sheikha Jheel. 
• To monitor their activity pattern. 
• To conduct a comparative study on their foraging ecology. 
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• To carry out comparative study on their roosting behavior. 
•• To study the inter-and intraspecific interactions of the cormorants. 
• To ascertain their ecological niche and ecological isolation. 
The parameters selected to achieve the above objectives were habitat use, activity 
pattern, foraging ecology and roosting ecology of the cormorants. Details of 
methodology and data analysis have been given separately in the respective chapters. 
The thesis has been organized into seven chapters. Chapter 1 deals with introduction 
which gives a broad overview of the work done on the ecology and biology of 
cormorants. The chapter also discusses the studies carried out in India. Chapter 2 
gives details of the study area with a description of the habitat, its status and 
conservation problems. Chapter 3 gives a fairly detailed account of the habitat use 
and the habitat preferred by two cormorant species. This chapter also deals with 
interspecific interactions of the cormorant species and emphasizes on the competition 
and association between sympatric and non sympatric species to ascertain their 
ecological niche and ecological isolation. 
Chapter 4, 5 and 6 are the main bulk of my thesis. They deal with the comparative 
accounts of time activity budget, foraging ecology and roosting ecology of two 
cormorant species. These aspects will strongly help us in testing the Cause's 
Principle. Chapter 7 forms the last chapter of the thesis It highlights on the human 
interaction vAth the species in question. It also discusses about the management 
problems, conservation values of Sheikha jheel and the problems faced by cormorants 
vis-a-vis other avian species in the study area. 
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CHAPTER- 2 
STUDY AREA 
2.1 Sheikha Jheel 
2.1.1 History 
Wetlands are regarded as important life support system and they play a vital role in 
controlling water cycles and cleaning the environment. They are generally rich in their 
floristic and faunal diversity. A wide variety of birds use wetland habitats for all or part 
of their life. Most important of these is waterfowl. Sheikha Jheel is a typical perennial 
rainfed wetland of the Gangetic plains known for its rich biodiversity. Recently it has 
been identified as Important Bird Area (IBA) site. The Jheel came into existence after the 
formation of the Upper Ganga Canal in 1852. However, the exact date when the lake took 
its present form is not known. It is generally believed that before the construction of 
Upper Ganga Canal in 1852 the area under water was a natural depression on the 
otherwise plain and featureless terrain of the region. This depression gets waterlogged 
through the seepage of the canal water. This is why it has some water for breeding 
resident birds even during the driest months of the year. Besides receiving water through 
out the year from the minor irrigation sluice gates of the canal, it also receives rainwater 
which makes the wetland almost permanent in nature. 
Sheikha Jheel has been declared as closed area under the Wildlife Protection Act 
(1972). The total area of the main Jheel is one square kilometer but the wetland extends 
to larger areas. For the convenience of study the lake and its ponds have been given the 
name Sheikha 'A', 'B' and ' C (Yahya et al 1990). Waterfowls are the main attraction of 
the Jheel. With the onset of winter, migratory waterfowl begin to arrive in October in this 
area and start leaving the area around March. The Forest Department has done the 
plantations around the jheel about ten years ago under the Social Forestry Programme. 
13 
Earlier the Upper Ganga Canal Department had also done some plantations on the banks 
of the canal. 
The main villages in the close vicinity of Sheikha jheel are Bhavankhera and 
Sheikha. The other nearby villages are Edalpur, Changeri, Jalali, Gangary and Panaithi. 
Before independence Sheikha village was included in the Hasayan block of Tehsil 
Sikandara Rao in Aligarh District. Aligarh is largely an agricultural district in western 
U.P. whose boundaries are marked by river Yamuna in the west and Ganges in the 
northeast. The city draws its name from the Aligarh Fort built in 1524 AD by the rulers of 
the Delhi Sultanate as an army base and to regularize the revenue generation. The present 
Appellation was given in 1728 AD (Atkinson 1875). At the commencement of the Raj in 
1803 AD the region was covered by large chunks of Dhak Butea monosperma and Jhau 
Tamrix species. However, these gave way to increasing cultivation and massive 
deforestation for commercial exploitation. The present scenario is such that not a single 
patch of natural forest is left in the District and what exist in the name of groves are just 
plantations cultivated under social forestry programme. 
Most of the smaller jheels in the region are leveled up because of the canal. The 
Sheikha Jheel also shares the same history as it is situated along the side of the Upper 
Ganga Canal. Before the formation of the Canal in 1852 the locals used it as rainwater 
harvesting for agriculture. Earlier the \illages were being supplied water by the Ganga 
Canal but when tube wells came into existence the dependency of people on the lake was 
brought to near negligible (Abbasi ei al. 2003). Being a closed area the Forest 
Department is now managing the wetland but the fanners have also been conserving its 
biodiversity as their legal customary. The Gram Panchayat also invites Dhimars- another 
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community from neighboring villages, to cultivate water chestnut in June every year. The 
local community also utilizes the jheel area for cattle grazing and collection of fuelwood 
and fodder from its environs. The major crops cultivated in the vicinity of the jheel are 
paddy and wheat. Some fanners also grow sugarcane, maize, mustard and a fodder called 
barseem Trifolium alexandricum. The paddy fields support a good variety of waterbirds. 
The trees around the village act as a good roosting and breeding sites for various bird 
species. 
2.1.2 Physical Features 
2.1.2.1 Location and Approach 
Aligarh district is situated in the fertile region of the Ganga Yamuna doab in the western 
U.P. plains between 27° 29' to 28° 11' North latitude and 77° 29' to 78° 38' East 
longitude. It comprises the northern most portion of the Agra division. Several districts 
such as Bulandshahar, Badaun, Etah and Mathura adjoin Aligarh. The Yamuna river 
separates Aligarh from the state of Haryana. The greatest length of the District is about 
120 kilometer from Yamuna to the Ganga near the northern border and the maximum 
breadth from north to south is some 72 kilometer. 
Sheikha Jheel is located in the Dhanipur block of Koil tehseel in Aligarh District, 
Uttar Pradesh. It is about 15 km from Aligarh Muslim University (AMU). It lies in South 
east of AMU on the much frequented Panaithi-Chharra road. The canal forms the 
northern boundary of jheel while metal road runs along its eastern boundary. The jheel is 
surrounded by agricultural fields. Aligarh junction is the nearest bus or trainhead from 
Sheikha jheel. Fig. land 2 shows the map of Aligarh district and Sheikha jheel. 
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2.1.2.2 Topography 
The district lying in the upper Ganga -Yamuna doab is a plain area of remarkable 
fertility. It slopes gently from north to south and south east. The surface is varied by 
several depressions, formed by the river valleys and natural drainage lines, while the 
elevations consist merely of slight ridges of sand. The most prominent of the ridges are to 
be found to the west of Aligarh. The configuration of the ground is very similar to that of 
the doab. From the Ganga Khadar the level rises sharply to the high sandy upland which 
is flanked by the old high bank of the Ganga. From the high bank the level descends 
inland gradually to a depression drained by the Nim and Chhoiya beyond which it again 
rises to the Kali nad\. Along the right bank of the Kali is a sandy belt, rising from the low 
and narrow khadar of that stream and this is followed by a fertile belt of loam soil, which 
gradually sinks into the broad central depression. The latter traverses the entire district in 
south- easterly direction roughly parallel to the course of the Ganga. Entering the north of 
tahsil Aligarh it eventually passes into the Etah district. The height of the ground surface 
where Upper Ganga canal enters the district is 193.24 m above sea-level and from this 
there is a gradual slope eastwards in the direction of the Ganga. On southern border the 
typical height where Upper Ganga Canal leaves the district is 175.95m above sea level. In 
the khaddar the heights at the points of entry and exit of the lower Ganga Canal are 178m 
and 176.78m respectively. Further south the level drops to 185.32 m at Aligarh and to 
183.49m at Jalali all these places lying in much the same latitude (Nevill, 1909). 
2.1.2.3 Soil 
The soil of Aligarh district is rich and fertile type of alluvial soil, which can be further 
divided into broad geological subdivisions- old and new alluvium. New alluvium locally 
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known as "Khadar" is confined to the flood plains of the rivers and their tributaries while 
old alluvium locally called ''Bhangar" is found in plains above the flood level of the main 
rivers and their tributaries. Soil in this region differ considerably in their texture and 
consistency, varying from sands through loams and silts to heavy clay that are ill drained 
and sometimes charged with injurious salt known as "Reh". It is white slippery sand very 
fine in texture on which even grass do not grow. It is commonly used by washer men for 
washing clothes. In Aligarh district few tracts of infertile barren soil locally called "usar" 
are also quite common. These tracts are filled with reh. Along with clay and loam a type 
of rocky earth called kankar also occurs at several patches. The soil at Sheikha is dark 
grey sandy mixed with decaying organic matter (Khan, 1990). 
2.1.2.4 Rivers, Canal and Other Water bodies 
Aligarh district is traversed by a few rivers and drainage lines. The river Ganges is the 
main supplier of water in this region. Other rivers are the Kali and Isan, which are the 
tributaries of the Ganges and flows towards the northeast, the Nim is the tributary of the 
Kali and flows southwards. The Nim is mainly a seasonal river. Patwaha, Karawan, Kosi, 
Rind, Sengar are tributaries of the Yamuna. Some other water bodies of Aligarh district 
are Gursikaran, Ikri, Adhawan, Kulwa, Ludha, Suhauli, Amakhera, Gopi, Hasayan, 
Bakayan, Bhisi. Mauchireli and Ogarand Morehna (Ateeque, 1991). 
Aligarh had been suffering from imperfect drainage of rain and floodwater. These 
natural drainage defects were rectified by the formation of the Upper Ganga Canal in 
1852.The canal has played a major role in keeping the greater part of the district fertile 
(Abbasi et al. 2003). The history of marsh formation at Sheikha is scanty and no reliable 
information is available as to when this marsh was formed. However, through the survey 
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of the region it has been speculated that this marsh area would have been a wasteland 
prior to the construction of Upper Ganga Canal. As this is a low land area the rain water 
and seepage of canal water accumulated there turning it into a marshland. It was also 
known that the several kilometer long belt on the both sides of the canal existed as a 
marsh till few decades back. Continuous draining of water and increasing efforts to 
reclaim the area for the agriculture has turned most of the marsh areas into cultivated 
fields and barren lands. Only a few scattered patches have survived as marsh and Sheikha 
Jheel is one of them. 
2.1.2.5 Water Quality of The Study Area 
Water has been the most important factor governing the distribution of man and his early 
hominid ancestors. For this reason the first signs of civilization are traced to wetlands 
areas (Anonymous, 1992). The qualities of wetlands are generally influenced by various 
physicochemical parameters. In an earlier study done on the physicochemical assessment 
of water quality in Sheikha, Ahmad (1999) has analyzed the water samples as given in 
Table 2.1. 
2.1.3 Climate 
The climate of this area is typical of tropical monsoon type with extreme variation in 
temperature and humidity in different seasons of the year (Yahya et al. 1990). The region 
experiences four main seasons namely winter, summer, monsoon and post-monsoon. 
Winter season stretches from mid November to mid March. Bright days, cold nights, low 
humidity and short duration rains during January are the main features of this season. 
Summer continues from mid March to mid June. During this season hot and dusty wind 
called lou is quite common. Monsoon breaks usually during the first week of July and 
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continues till last week of August. This season is characterized by heavy rains and 
maximum humidity. Monsoon is followed by a short span of post- monsoon. During this 
period weather is pleasant; days are bright and warm while nights are cool. These 
weather conditions and seasonal rhythms round the year makes Sheikha Jheel home to 
wide variety of plant and animal species. This perennial wetland provides refugee to large 
number of winter migrants. 
2.1.3.1 Temperature 
Aligarh region experiences wide temperature variations throughout the year. The mean 
maximum temperature and mean minimum temperature being 41.3° C and 26.5° C in 
May -June and The mean maximum and minimum temperature in December - January 
ranges between 7.6° C to 21° C. January is generally the coldest month. During this 
period in association with cold waves frost also occurs. After February temperature 
increases rapidly till May. May is the hottest month. In summer season dust laden 
scorching westerly winds blow often and heat is intense. Day temperature sometimes 
reaches over 45° C. With the onset of monsoon in the district by about third week of June 
day temperature decreases appreciabl>'. However, nights continued to be as warm as 
during summer. Even during south -west monsoon season day temperature becomes high 
during breaks in rainy and with the increased moisture in the air. the weather is often 
uncomfortable. After the withdrawal of the monsoon by about third week of September 
there is a slight increase in day temperature and nights become progressively cooler. 
During the study period (January 2001- March 2004) in winter average mean maximum 
and minimum temperature recorded was 25° C and 5° C respectively; while in summer 
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average maximum temperature recorded was 41° C and average minimum temperature 
was 22° C. 
2.1.3.2 Rainfall 
The average annual or the normal rainfall in the district is 647.3 mm. The rainfall in the 
district increases from South-West towards the North-East and varies from 604.5 mm to 
724.9 mm with clear variation between the averages in different tahsils. About 87 percent 
of the annual rainfall is received during the South- West monsoon, July to August being 
the two heaviest rainfall months. The variations in rainfall from year to year in district are 
quite large (Nevill, 1909). During the study period (January 2001- March 2004) average 
annual rainfall recorded was 255 mm. 
2.1.3.3 Humidity 
The air is generally dry over the district except during South- West monsoon season 
when the humidity is high. The driest part of the year is summer season with relative 
humidity's less than 25% in the afternoon. The relative humidity ranges from 16% in 
summers to 87% during monsoon. During winter season, relative humidity varies from 
74.9% to 85%. 
2.1J.4 Wind 
Generally light winds blow in the district with a slight increase in force during the 
summer. During the period from October to April the winds blow mostly from direction 
between north and west, south-easterlies appear in May. During monsoon season winds 
are predominantly from south-east and east. 
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2.1.4 Vegetation 
Wetlands act as important reservoirs for certain aquatic plant species also. Sheikha Jheel 
abounds in floral diversity too. The vegetation of Aligarh is an arid open scrub type, 
commonly known as Rakhs (Champion and Seth 1968). Scattered trees with stunted 
growth such as Accacia luecocephala, Accacia nilotica, Holoptelia integrefolia, Ficus 
religiosa, Dalbergia sisso, Eucalyptus Sp and Azadirachta indica represent vegetation at 
Sheikha. Terminalia arjuna and Schyzygium cumunii are the dominating tree species seen 
at the periphery of the Jheel. They serve as refuge for forest birds and provide good cover 
for the species like Bluebull {Boselaphus tragocamellus) and Jackal {Canis aureus). At 
the periphery of the Jheel there is also a thick growth oT Prosopisjulijlora. Plantations of 
Psidium gujava and Terminalia arjuna are present on the side of the jheel. Other notable 
vegetation of the area is characterized by Cypenis rotandus, Phragmites karka, Arundo 
donax and Typha anguistata. Lantana camara is the dominating weed in this region. 
Other major weeds are Sida spp., Parthenium hysterophorus and Cassia tora. The 
common shrub species are Ipomea aquatica, Muraya Koenigi and Lausonia enermis. 
Among herbs Heliotropium sp., Cichorchium intybus, Alhagi pseudo-alhagi and 
Cissampelos parriera are quite common in this area. The dominant grass species and 
sedge species are Scripus, Paspalum distichum, Ischeatium sp., Saccharum spontaneum. 
Imperata cylindrica, Saccharum munjha, Vetiveria zizanoides, Dicanthium annulatum, 
Polypogon sp., and Setaria glauca. The submerged vegetation consists of Hydrilla 
verticillata, Ceratophyllum demersum, Vallisneria, Spiralis, Potamogeton crispus and 
Najas sp. Among the free floating vegetation Salvinia natans, Wolffia arrhiza, and Azolla 
sp. are the dominant ones. At some places Eichhornia crassipes is also present Areas 
where Eichomia crassiseps was spreading extensively no other species was seen growing 
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successfully except for Wolffia arrhiza, Spirodella and Paspalum distichum. Rooted 
floating vegetation includes Nymphoides cristata and Nymphoides indica. Other aquatic 
species identified in Sheiidia jheel are Spirodellapolyrrhiza, Marsilea and Utricularia. 
During the study period 102 plant species belonging to 41 families were identified 
(Appendix 1). 
2.1.5 Fauna 
Wetlands serve as habitats for a wide variety of plant and animal life. Since wetlands are 
shallow water areas, they provide ideal habitat for water birds. Birds belonging to 318 
species are found associated with Indian wetlands (Scott, 1989). Wetlands are also 
nursery for several species of fish and shellfish and a wide variety of aquatic organisms 
(Chatrath, 1992). Sheikha Jheel provides a good habitat to general biodiversity of plant 
and animal species. Vertebrate fauna of the area is very rich, though only a few 
mammalian species are found in this area. Indian mongoose Herpestes auropunctatus, 
Five stripped squirrel Funambulus pennanti, porcupine Hystrix indica, Black napped 
hare Lepus nigricolis. Jackal Canis aureus and Rhesus monkey Macaca mulata are 
common mammals. Amongst reptiles several species of snakes and fresh water turtles 
such as the Lessymes punctata and the Geochlamys hamiltonii are found here. Monitor 
lizard can be seen occasionally in the terrestrial habitat of the area. The area consists of 
great diversity of amphibian species. Ichthyofauna of the area is also quite rich. The area 
also supports large insect diver^it). 
Waterfowl are the main attraction of the Sheikha Jheel. During winters many 
migratory bird visit this area and their number start declining with the onset of summer. 
The area serves as a good breeding and roosting site for the resident as well as migratory 
birds. The migrants find Sheikha most strategically placed water body since it is close to 
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Bharatpur (Jahuri, 1990) and Patna Bird Sanctuary. They also use the wetland for feeding 
and general activities.About 161 species of water birds has been reported in and around 
Sheikha Jheel (Rahmani and Sharma, 1997), Yahya (1998) has reported about 200 
species from the environs of Aligarh. Family Anatidae is well represented by several 
species like Pintail Anas acuta. Common Poachard Aythya Juligula, Shoveller Anas 
clypeata. Lesser Whistling Teal Dendrocygna javanica, Spotbill Anas poecilorhyncha. 
Comb Duck Sarkidiornis melanotos and many others. Waders, herons, cormorants and 
darters are also present in good numbers. Pairs of Sarus Crane Grus antigone can be seen 
in and around the lake. A couple of blacknecked stork Ephippiorhynchus asiaticus and 
white ibis Threskiornis aethiopica can be seen in the mixed heronries and the communal 
roosts of the lake thickets. These are characterized as near threatened species by the 
BirdLife International in its documentation 'Threatened Birds of the World' published in 
2000. 
During my study period about 152 species were identified. Out of which 47 
(30.92 %) spp. were migrants, four (2.63 %) are local migrant and rest 101 are (66.44 %) 
resident. Of the 152 species, 134 species commonly occur in this area and 18 species are 
uncommon (Appendix 2). 
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Table 2.1 Mean values of physicochemical properties of water at Sheikha Jheel 
during April 1999. 
Sn 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Variable 
pH 
Electrical conductivity 
Alkalinity 
Salinity 
Dissolved oxygen 
Biological Oxygen Demand 
Chemical Oxygen Demand 
Total suspended solids 
Total dissolved solids 
Total solids 
Marsh 
9.22 ±.01 
3480 ±2227 
41 ±1.4 
150 ±50 
6.95 ±1.2 
79.95 ± 37.7 
110.8 ±29.9 
1930 ±1527.3 
39042.4 ± 0.0 
2320 ±1484 
Shallow 
9.19 ±.901 
1260 ±42.42 
40.5 ± 0.7 
90.5 ± 50.5 
7.5 ± 0.9 
48.35 ±2.3 
53.3 ±6.1 
490 ±14.14 
350±14.1 
840 ± 28.3 
Deep 
9.16±.01 
1957 ±222.7 
39 ± 1.4 
100 ±30 
7.8 ±0.6 
61.7 ±2.4 
73.4 ±12.2 
870 ± 197.9 
435 ±49.5 
1305± 148.4 
(After Ahmad 1999) 
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CHAPTER 3 
HABITAT UTILIZATION 
3.1 Introduction 
Most avian species live in community interacting with each other. Key forms of 
interaction between species are; competition, commensal isms (facilitation), 
mutualism (symbiosis), predation, and parasitism (Caughley and Sinclair 1994). At 
times competition may lead to the extirpation of a species (Jackson 1985), but the 
ability of sympatric species to partition resources can reduce the competition (Colwell 
and Futuyma 1971). Limited resources can be partitioned spatially and temporally, 
allowing both species to coexist successfully. Resource quality and quantity are 
inversely correlated with the magnitude of competition between species with 
overlapping niches (Colwell and Futuyma 1971; Schoener 1974; Dunbar 1978; 
Hanski 1978; Hulbert 1978; Slobodchikoff and Schulz 1980; Jenkins and Wright 
1988). Therefore, landscape structure or configuration, as an integration of food and 
spatial resources, play crucial role in competitive interactions between species. 
Habitat and prey differences are the typical means of resource partitioning 
(Meyerriecks 1962, Jenni 1969, Willlard 1977, Custer and Osbom 1978, Whitfield 
and Babbler 1979, Horn 1983). 
The habitat of an organism is the place where it lives, or the place where one 
would go to find it. The ecological niche on the other hand, is a more inclusive term 
that includes not only the physical space occupied by an organism, but also its 
functional role in the community (as, for example, its trophic position) and its 
position in environmental gradients of temperature, moisture, pH, soil and other 
conditions of existence. These three aspects of ecological niche can be conventionally 
designated as the spatial or habitat niche, the trophic niche and the multidimensional 
or hypervolume niche. Consequently the ecological niche of an organism depends not 
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only on where it lives but also on what it does (how it transforms energy, behaves, 
responds to and modifies its physical & biotic environment) and how it is constrained 
by other species (Odum 1971). 
Patterns of habitat use indicate how species abundances and community 
compositions are influenced by physical properties of remnants (e.g., area, vegetation 
structure) and the surrounding landscape (e.g., patch isolation, matrix structure; Blake 
and Karr 1987, Freemark et al. 1995). Little is known about scale at which an animal 
perceives its environment (Addicott et al. 1987, Pearson et al. 1996), even though 
habitat selection by animals likely occurs at several spatial and temporal scales 
(Orians and Wittenberger 1991, Weins 1994, Rotenberry and Weins 1998). For 
example, at one spatial scale an individual lives in certain portion of a larger area. A 
second scale of habitat selection involves preference of certain habitats within that 
portion of the landscape. Studies of habitat selection that consider both spatial scales 
(Johnson 1980, Aebischer et. a/. 1993) will likely provide detailed information about 
habitat requirements and may reveal processes that underlie observed patterns of 
animals distribution in disturbed landscapes (Weins et al. 1987, Lima and Zollner 
1996, Pearson et al. 1996). Johnson (1980) described habitat selection by an organism 
in terms of four hierarchical classifications: first order selection of the geographical 
distribution of a species; second order selection of home ranges or sites within the 
geographical distribution; third order selection of habitat components within home 
ranges and fourth order selection of food items within a feeding site. 
Preference for a particular habitat is determined by, and determines the birds 
morphological structure and behavioural functions, its ability to obtain food and 
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shelter successfully in the habitat which affects the survival of the species (Cody 
1985). One principle behind habitat selection theory is that habitat preferences should 
evolve to increase individual fitness i.e. survival and reproduction (Levins 1968). 
Theoretically, an animal should forage most frequently in a habitat or patch where its 
capture success or net energy gain is maximized (Krebs and Cowie 1976). Some 
studies of terrestrial birds have confirmed this prediction (Smith and Dawkins 1971, 
Wakeley 1978). In recent years, much attention has been devoted to studies of 
foraging habitat preferences among seabirds (Abraham and Ankney 1984, Haney 
1986, Safina 1990a, Ainley et al. 1993, Becker et al. 1993). However a few studies 
have determined the relationship between foraging success in patches of variable 
quality and relative patch use (Brandt 1984). In marine ecosystems patches are 
temporally unstable, as prey usually are mobile. Thus, most investigators studying 
foraging habitat selection in seabirds have confined themselves to larger habitat scale 
rather than to prey patches (Safina 1990a). 
A common approach to understanding the relationships of bird species to their 
habitat is to examine the relationship of a single bird species to specific vegetative 
characteristics found in an individual's territory (Shugart and Urban 1986). Birds may 
select different habitat features from a number of different spatial scales (Steele 
1^92). Habitat structure affects the abundance, distribution and perceptibility of prey, 
and al.so which search and Jllack inctfuxi'; birds can employ to capture prey 
(litzapatrick 1980. Robinson and Holmes 1982. Holmes and Schultz 1988). Further it 
is important to determine how animals use different habitats. Studying behaviour in 
conjunction with habitat selection may help determine if habitats provide different 
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resources. For example, animals may use one habitat for foraging and a second for 
resting or cover (Petit 1989, Lima and Dill 1990, Mysterud and Ims 1998). Major 
nesting habitat requirements for many species have been identified, but little 
information exists on feeding, resting and staging habitat use by waterbirds (Buckley 
& Buckley 1980). 
Effective management of wild populations is based on accurate understanding 
and assessment of habitat quality (Van Home 1983). The perception of the 
relationship between birds and habitat is important in a management context because 
it is the foundation of avian management and conservation planning (Penhollow and 
Stauffer 2000). Understanding effects of habitat structure on foraging may be 
particularly useful in the conservation of species with restricted habitats or 
specialized habitat requirements and in making management decisions that will alter 
habitat structure. Habitat selection of ducks has been studied in different parts of the 
world (Nudds 1982, Thomas 1980, Burger 1985). In India detailed studies have been 
conducted on the waterfowl of various groups in Keoladeo National Park, Bharatpur 
(Vijayan 1991, Sridharan 1989, Bhupathy 1991, Sivasubramanian 1992, Vijayan and 
Vijayan 1989, Ramchandran 1993, Ishtiaq 1998 and Ishtiaq etal 2004). 
My study examined macrohabitat and microhabitat use by two sympatric 
species of cormorants in Sheikha jheel and indirectly evaluated the mechanisms by 
which partitioning is maintained. My specific objective was to describe species 
specific u%c for .several niche dimensions and measure quantitatively the niche 
overlap between two species for these dimensions. Efforts were also made to evaluate 
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if different habitats provide different resources by examining various behavioural 
repertoires in each habitat type. 
3.2 Methodology 
The study was commenced in October 2000 and continued until March 2004. A 
preliminary survey was done in the study area to identify the various habitat types and 
trails in these habitats. Altogether the following 10 micro habitat types were 
identified and studied regularly for habitat utilization by two sympatric species of 
cormorants. 1) Lake shore; 2) Open water more than 5m distance away from shore; 3) 
Shallow water with sparse vegetation; 4) Pool, a body of water separated or nearly 
separated from the main body of water; 5) Canal; 6) Canal bank; 7) Mound; 8) trees 
and boughs overhanging water; 9) Grassy patch; 10) Miscellaneous- included damp 
meadow, pasture and paddy fields. 
The line transect method Emien 1971 was used. Three trails, of 2 Kms each, 
were identified in different habitat types. In Sheikha- A trail 1 covered the lake 
(Jheel), in Sheikha-B trail 2 covered the canal, pool and fields, trail 3 was taken 
around the village covering woodlands. Trails were monitored thrice a week, on 
alternate days in three different shifts i.e. morning hrs, noon hrs and afternoon hours. 
An encounter with a group or an individual of little and large cormorants was 
recorded as one sighting in that habitat type. Data on number of group was also 
recorded in each habitat. At each sighting one bird plot and two random plots were 
taken. Random plots were not truly random but it was taken at a 10 m distance on 
either side of the bird plot. Immediately after the bird left the area vegetative 
community, water depth, group size, activity, substrate used, associated species and 
habitat type were recorded. If the sighting was on tree then trees were enumerated in 
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10 m circular plot and information on tree height, GBH, percent tree canopy cover, 
canopy utilized, ground cover was recorded. The same data were collected in random 
plot to know the habitat utilized by two sympatric species of cormorants. Tree canopy 
cover was estimated using pipe method consisting of four grids. At each sampling 
point we walked five meters in four directions and held the pipe vertically and 
number of squares with foliage was counted to calculate percent canopy cover. The 
ground cover values were quantified by using a Im measuring tape. At each sampling 
point the measuring tape was placed on the ground in four directions and ground 
cover categories that hit at every 10 cm interval were recorded. Every 10 cm of the 
measuring tape represented 10% ground cover. The ground cover categories sampled 
were divided into three variables i.e. bare ground, grass and miscellaneous. For each 
variable we used percent cover class scheme to estimate percent cover. Classes were 
graded as 0-20%, 21-40%, 41-69%, 61-80%, 81-100%. Aquatic vegetation was 
sampled using 0.5m X 0.5 m gridded quadrat. The quadrat was laid at regular 
intervals of 3m and the number of squares covered by a particular species was 
recorded to ascertain the vegetation cover. 
The foraging habitat was defined as the area in which prey were captured. 
Foraging zones included different depths in habitats utilized for this purpose. Water 
depth was grouped into four categories: 13-50 cm, 51-100 cm, 101-150 cm and > 150 
cm. We used a systematic protocol with a random starting location to measure the 
water depth (cm) in the wetland. The wetland was divided into segments each of 5m 
width beginning at a random location from the wetland edge. We measured water 
depth with a cm-marked sampling rod at these regularly spaced points. Every 
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segment had 3 measurements. We then calculated the mean depth of each segment 
and assigned the mean depth for that segment as the depth in which the birds were 
found. 
Monitoring biological resources was also the basic routine activity in area. A 
list of other fauna was also prepared while carrying out general survey and 
monitoring the trails. Data was recorded on particular data sheets. Besides foraging 
other behavioural activities of cormorants were also noted. Association of two 
sympatric species of cormorants with other avian species in Sheikha jheel was 
assessed by recording their presence and absence in the jheel on every field trip. Data 
was collected on alternate days in three shifts morning hrs, noon hrs and afternoon hrs 
covering all three seasons. Hierarchical agglomerative cluster analysis (Single linkage 
nearest neighbor method based on Euclidean distances) was done to produce the 
cluster diagram showing association of two sympatric species of cormorants with 
other bird species. Statistical analyses were performed on pooled data of October 
2000- March 2004 using SPSS 7.5 statistical package. 
Based on the frequency of occurrence of two sympatric species in different 
habitats, preferred habitats of both species were calculated. A comparison was made 
of the frequency each species used a habitat, depth, water stretch, vegetation cover, 
tree height, canopy cover and ground cover with Chi- square. To test the significance 
ofassociation between species and habitat, depth, water stretch, vegetation cover, tree 
height, canopy cover and ground cover Chi-square contingency analysis (Goodness of 
Fit Test) was performed. Mc Naughton and wolf (1979) described niche breadth as 
the range of a single niche dimension occupied by a species. A species that is an 
33 
ecological generalist on a particular dimension will have a relatively large niche 
breadth on that dimension; a specialist will have a relatively narrow niche breadth on 
that dimension. Niche breadth was calculated using Shannon- Wiener measure of 
niche breadth. 
H' - -X pj log pj 
Where H' = Shannon- Wiener measure of niche breadth, pj is the proportion of 
individuals found in or using resources j (j "= U 2, 3, n), n = total number of 
resource states. Since the Shannon- Wiener measure can range from 0 to infinity, one 
may wish to standardize it 0-1 scale. This can be done simply by using the evenness 
measure J' 
J'= H7 log n 
Where J' = Evenness measure of Shannon- Wiener function, n = Total number of 
possible resource states. 
We used Horn's Index to determine the degree of overlap for resource use between 
species in various categories of habitat and foraging matrix (habitat, depth, water 
stretch, vegetation cover, tree height, canopy cover and ground cover) 
R = Z (PU + P'k) log (pij + pik) - X pij log pij - X P'k log pik / 2 log 2 
where pij and pik represent the proportion of variable type i of the bird species j and k 
respectively. 
3.3 Results 
The results of pooled data of October 2000- March 2004 summarized in the following 
section are the quantified information on various habitat parameters and their 
correlation with two sympatric cormorant species in Sheikha jheel. The little 
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cormorant and large cormorant used different habitat types at different frequencies 
during the study period. On the whole, 10 sub habitat types were utilized by the two 
sympatric species of cormorants in Sheikha. A significant association existed between 
two cormorant species and habitat (X^=22.192, P<0.05, d.f. 9). The most preferred 
habitat for large cormorant based on the frequency of use was open water while for 
httle cormorant pool were most preferred (Table 3.1). Habitat use by little cormorant 
(X^= 44.514, P<0.001, d.f 9) and large cormorant (X^= 79.722, P<0.001, d.f 9) 
differed among different habitat types. It was apparent from the observations that the 
activities of two sympatric species of cormorants varied in these habitats. They 
generally preferred open water areas (mostly deeper areas with or without submerged 
and floating vegetation), shallow water with sparse vegetation, canals and pools for 
feeding. These areas were used as foraging habitats for two species, and, trees and 
mounds on grassy patch were used for sunning, preening and resting. 
Data collected along transects in these habitats indicated that number of flocks 
(%) of two species are associated significantly with habitats (X*= 39.366, P<0.001, 
d.f 9). In large cormorants flocks were associated with habitat- water with sparse 
vegetation, canal, canal bank, mounds and trees and boughs overhanging water while 
little cormorant were associated with open water, shore, grassy patch, pools and 
miscellaneous. Association of number of flocks (%) of little cormorant (X*= 81.3, 
P<0.001, d.f 9) and large cormorant (X^- 94.80. P^O.OOI, d.f 9) with different 
habitats differed significantly. Largest number of flocks for large cormorant was 
recorded on trees boughs overhanging water while little cormorant in open water. In 
grassy patch I did not encounter large cormorants in flocks. The flock size of two 
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species and habitat use showed no significant association (X^= 12.59, P>0.05, d.f. 9). 
Habitat had no significant effect on their mean flock size (little cormorant X ^ 7.95, 
P>0.05, d.f 9; large cormorant X^= 17.52, P>0.05, d.f 9). The flock size was almost 
equivalent in different habitats for both the species (Table 3. 1). 
A significant association was found between two cormorant species and water 
depth (X^=18.7, P<0.01, d.f 3). Large cormorants were associated with water depth 
101-150 cm and more than 150 cm while little cormorant was associated with depth 
categories 13-50 cm and 51-100 cm. The frequency of occurrence of two sympatric 
species varied with depth of water. Depth use by little cormorant (X^=7.4, P>0.05, 
d.f 3) did not differ significantly in different categories (n= 490 sightings). In 
contrast, the frequency of occurrence of large cormorant (n= 423 sightings) in 
different categories of depth differed significantly (X}=\3.\3, P<0.01, d.f 3). Large 
cormorant were observed utilizing most commonly depth categories >150 cm, while 
proportion of occurrence of little cormorant was more in 13- 50cm depth (Fig 1). 
The frequency of occurrence of two sympatric species of cormorants also varied with 
percent water stretch. The proportion of two species consistently increased with 
increasing water stretch (Table 3.2). Their highest frequency occurred in largest water 
stretch category i.e. 81-100 %. Little cormorant (X^= 15.68, P<0.01, d.f 4) and large 
cormorant (X^ 32.78, P<0.001, d.f 4) exhibited significant variation in occurrence 
in different categories of water stretch. Although no significant association was found 
between two species and water stretch (X^ 3.06, P>0.05, d.f 4). 
• Sampling carried out in the wetland for the estimation of vegetation cover 
revealed that the numerous herbaceous plants, submerged or free floating, rooted 
floating leaved or emergent plants occupy different niches in the wetland. When 
quadrate was laid in Sheikha jheel it was found that among the dominant free floating 
aquatic vegetation Wolffia arrhiza, Azolla sp., Spirodella polyrrhiza occurred in close 
association. Nymphioides cristata was mostly found occurring along with Marsilea 
and Utricularia. It seems they have some mutual attraction and they share same 
habitat. Areas where Eichornia crassiseps was spreading extensively no other species 
was seen growing successfully except for Wolffia arrhiza, Spirodella and Paspalum 
distichum. Among dominant terrestrial vegetation close association was found in 
Cyperus rotandus and Phragmites karka while Arundo donax was found to occur 
with Typha anguistata. Ipomea aquatica was the one of the dominating shrub species 
recorded in this wetland. It was found that Sheikha jheel being located near road lacks 
shoreline terrestrial vegetation except for few tree species like Eucalyptus Sp. 
Syzigium cuminii, Acacia nilotica and Terminalia arjuna. The dominating species 
recorded in waterlogged areas close to the agriculture fields and near canal were 
Cyperus rotandus, Phragmites kark, Melilotus indica, Arundo donax, Polypugon sp., 
Equisetum, Commelina benghalensis. Polygonum barbatum, Wolffia and Azolla. 
For both the sympatric species of cormorants proportion of occurrence in 
water declined with the increase in aquatic vegetation cover (Table 3.2). Little 
cormorant (X^ 46.60, P<0.001, d.f. 4) and large cormorant (X^= 85.81. P<O.OOI, d.f. 
4) occurred most often in the segment where vegetation cover was recorded 0-20%. 
More than 30% of both the species occurred in this percent cover class scheme. No 
significant association was found between two cormorant species and vegetation 
cover (X^ 6.56, P>0.05, d.f 4). It was observed that when they were in water 
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foraging and loafing were the common activities. As soon as they left the waterbody 
they were mostly found occupying trees for resting and sunning. Little (X^=53.6, 
P<0.001, d.f. 2) (n= 194 sightings) and large cormorant ( X ^ 44.34, P<0.001, d.f. 2) 
(n= 147 sightings) showed significant variation in use of trees with different height. 
Their higher proportion of occurrence on tree was recorded in category 10-20 m (Fig 
3.2). No significant association existed between two species and tree height (X^= 0.9, 
P>0.05, d.f 2) and canopy cover (X^= 3.4, P>0.05, d.f 4) as both the species 
preferred tall trees with dense canopy. Percent canopy cover utilized by little (X^= 
11.64, P<0.05, d.f 4) and large cormorant (X^= 24.56, P<0.001, d.f 4) varied 
significantly for different categories. Little cormorants were found to utilize 61-80% 
canopy cover more frequently while large cormorant was most often utilizing 81-
100% canopy cover (Fig 3.3). In day time both the species were mostly found resting 
on Eucalyptus, Prosopis juliflora and Syzigium cuminni. 
A significant association existed between two cormorant species and percent 
ground cover (grass cover X*= 68.54, P<0.001, d.f 4), (bare ground X ^ 71.49, 
P<0.001, d.f 4) and (miscellaneous X =^ 45.29, P<0.001, d.f 4). Large cormorant 
were more associated with variable bare ground than grass cover and miscellaneous 
while little cormorant were found to be associated more with grass cover than other 
two variables. For the cover category 81-100% their highest proportion was recorded 
for ihe variable bare ground and lowest for other two variables. The highest 
proportion of little cormorant were recorded for this category in grass cover. The 
results also show that the frequency of occurrence of both species varied for different 
percent ground cover categories. Association of large cormorant showed significant 
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difference (X^= 61.98, P<0.001, d.f. 4) for different categories of bare ground having 
occurred more frequently in category 61-80%. It also varied significantly for different 
categories of grass cover (X^= 147.19, P<0.001, d.f 4) and miscellaneous (X^= 67.43, 
P<0.001, d.f 4) having occurred more frequently in category 0-20% for these 
variables. Little cormorant also showed significant variation for bare ground (X^= 
76.97, P<0.001, d.f 4) and grass cover (X^= 34.86, P<O.OOI, d.f 4) categories 
occurring more frequently in 21- 40% category. They also differed significantly for 
variable miscellaneous showing high frequency of occurrence in category 41- 60% 
(Table 3.3). 
Standardized niche breadths for habitat, water stretch and ground cover categories 
(bare ground & miscellaneous) shows that there was no difference in the extent of use 
of these variables by the two sympatric species. The degree of use of water depth, 
canopy cover and proportions of flocks were also similar for two species. Niche 
breadths for these dimensions were quite large for both the species. Little cormorant 
was found to utilize wider range of tree heights, vegetation cover and grass cover than 
did large cormorant revealing that large cormorant has a narrow niche breadth for 
these variables as compared to little cormorant (Table 3.4). 
When the niche indices were calculated it was found that there was 
considerable overlap for habitat, water stretch, depth, vegetation cover and canops 
cover. The niche overlap values for the species pair were generally high for each <»« 
these dimensions. They ranged from 0.54 to 0.98. The highest overlap of 0.98 was 
calculated for water stretch and lowest overlap of 0.54 for the tree height. Ground 
cover categories (bare ground and grass cover), tree height and proportions of flocks 
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were the dimensions with low overlaps as compared to other dimensions. Hence they 
seemed to be contributing most to niche separation. The niche overlap along with 
mean niche overlap values for these dimensions is given in table 3.5. 
In all 52 species of birds were recorded on the basis of presence and absence 
of two sympatric species of cormorants along with other avian species in Sheikha 
jheel in different seasons during the study period. They were pooled together and a 
dendrogram (tree diagram) was created using single linkage cluster analysis (nearest 
neighbor) based on Euclidean distances. The result of cluster analysis of these 52 
species of birds of Sheikha jheel reveals that species clustered together have more or 
less similar pattern of occurrence and they occur in close association with the two 
sympatric species of cormorants with seasonal variations. Little and large cormorant, 
being common and resident, are found in Sheikha in every season. The tree diagram 
obtained was having large number of species which show distinct association and 
form clear clusters. On this basis I identified seven different clusters comprising of 52 
species (Fig 3.4). 
Cluster 1 contains 15 species of birds which belong to family Anatidae. Out of 
these 15 species only 3 i.e. Spotbilled Duck {Anas peocilorhyncha), Lesser whistling 
Teal {Dendrocygna javanicd) and Comb duck (Sarkidiornis melanotus) are resident 
rest of the 12 species are migratory ducks and geese. Waterfowl census revealed that 
these birds start coming to this area in month of October and most of them leave the 
area by mid April. The peak numbers of these migratory ducks were recorded during 
December and February. Thus in these months they are found to occur in the area in 
close association with the two sympatric species of cormorant. They were found 
40 
interacting with each other and with cormorant species on foraging ground. The 
interactions of cormorant species were more intense with diving ducics than dabbling 
ducks. Greylag goose {Anser anser), Comb duck and Lesser whistling Teal were 
mostly seen resting on mound along with two species of cormorants. Only on two 
occasions the little cormorant chased the ducks from the mounds. 
Cluster 2 contains two species, Blackheaded Gull Larus ridibundus 
(migratory) and Blackbellied Tern Sterna acuticuada (local migratory). They belong 
to order charadriiformes and showed a closer ecological relationship. Both of them 
were found to utilize same foraging habitat mainly marshy areas. Though they 
showed interspecific association with two sympatric species of cormorants, I never 
encountered any aggressive behaviour between them. As far as cluster diagram is 
concerned, this cluster shows a clear cut demarcation from other clusters. 
Cluster 3 is the largest of all the clusters and contains 22 species of birds 
belonging to different families. This cluster is mainly represented by the resident 
birds of Sheikha jheel. Almost all the species in this cluster were recorded in Sheikha 
in all three seasons. The two sympatric species of cormorants form the part of this 
cluster showing close interspecific association. They were found utilizing same 
habitat for foraging and resting. Interspecific aggression was rare in my study with no 
clear dominant-subordinate pattern on foraging ground. Although I often recorded 
that little cormorant while resting was disturbed by large cormorant, oni> on twti 
occasions serious dispute was noticed. Little cormorant was found to occur in more 
close association with pond heron at similarity 0.000. Next most similar species was 
cattle egret which was similar in occurrence with little cormorant at similarity 2.499. 
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Within this cluster these three species form a distinct sub - grouping showing that 
these three species share a very close association in their occurrence resulting in 
interspecific association. Whenever I found one species I definitely found the other 
two also near by. They were found sharing the same habitat but no chasing was 
observed between them. 
Large cormorant was found to occur in close association with purple heron 
(Ardea purpurea) at similarity 1.000. The second most similar bird species that 
occurred in close relationship with large cormorant was darter. It has a similarity 
coefficient of 2.646. These three species were tightly grouped forming a sub group of 
this large cluster. On the basis of this we can say that these three species select or 
avoid the same habitat and have some mutual attraction among them which results in 
interspecific association. Painted stork {Mycteria leucocephala) was more distinct 
from this subgroup while grey heron {Ardea cineria) was intermediate. Painted stork. 
Spoonbill {Platalea leucorodia) and Black- headed Ibis (Threskiornis aethiopica) 
were closely grouped into a separate subgroup showing interspecific association with 
large cormorant. Black- headed Ibis was found to occur along with large cormorant at 
similarity coefficient 3.000. The tree diagram clearly shows that Pheasant tailed 
jacana {Hydrophasianus chirurgus). Bronze- winged jacana (Metopidius indicus). 
Purple swamphen (Porphyrio porphyria) and Redwattled lapwing (Vanellus indicus) 
form a distinct sub group and were more closely associated with little cormorant as 
compared \o large cormorant. Little egret (Egretta garzetta). Intermediate egret 
{Mesophoyx intermedia) and Large egret (Casmerodius albus) show strong 
interspeciflc association with little cormorant than large cormorant. Almost on all 
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occasions I found that if little cormorant was present in the area Little egret and 
Intermediate egret were also present nearby. Many times they were seen resting and 
foraging together. Little grebe {Podiceps ruficollis) and White breasted waterhen 
{Amaurornis phoenicurus) showed a close grouping while Common moorhen 
(Galinula chloropus) was ecologically most distinct. 
Cluster 4 contains three species belonging to order ciconiformes. These are 
Glossy ibis {Plegadis falcinellus). Woolly necked stork {Ciconia episcopus) and 
Blacknecked stork {Ephippiorhynchus asiaticus). This cluster showed strong 
interspecific association with large cormorant than little cormorant. Blacknecked 
stork was seen chasing large and little cormorant on many occasions. Once I saw 
Blacknecked stork chasing a flock of 3 little cormorant. The two cormorant species 
were many times seen foraging in close vicinity of Spoonbills. Only once I saw 
Spoonbill chasing the little cormorant when they tried to intrude former's foraging 
area. 
Cluster 5 is again a distinct group comprising of six species of birds. All these 
birds are waders and are migratory except for Blackwinged stilt (Himanlopus 
himantopus) which is local migratory. Red shank (Tringa totanus). Green shank 
(Tringa nebularid) Yellow wattled lapwing, Common sandpiper, Blackwinged stilt 
and Ruff {Philomachus pugnax) were found to occur in close association along the 
shore and marshy areas. They were seen feeding in close vicinity with little cormorant 
in the water logged areas near agriculture fields. 
Cluster 6 mainly consists of two species of kingfishers, Pied kingfisher 
{Ceryle rudis) and Common kingfisher {Alcedo atthis). The kingfishers showed a 
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closer ecological relationship with the cormorants. They were seen fishing in open 
water resulting in sharing of the foraging habitat with two sympatric species of 
cormorants. 
Cluster 7 also contains just two species the Indian river tern {Sterna aurantid) 
and White throated kingfisher {Halcyon smyrnensis). Indian river tern is the 
commonest resident tern in the area. This showed a constant average population with 
an increase in summer. They were seen picking fish from same area resulting in 
interspecific association with two cormorant species. White throated kingfisher is 
ecologically related to the species in cluster 6. These are mostly seen resting on the 
trees and boughs overhanging water in close vicinity of two sympatric species of 
cormorants. 
3.4 Discussion 
The little and large cormorant observed in this study were recorded utilizing a variety 
of habitats but often showed considerable overlap in habitat use. However, there was 
marked differences with respect to their proportion of occurrence in different habitat 
types. Little cormorants showed higher frequency of utilization for pools while large 
cormorants were associated more with open water. This indicates that the two 
sympatric species are, to some extent, segregated by habitat. Schoener (1974) 
reviewed resource partitioning in 80 diverse communities of birds and concluded that 
habitat dimensions were more importani than food i>pc dimensions in segregating 
communities. Similarly in my study also habitat dimensions appear to be important 
means of resource partitioning. Lack (1974) believed that ecological differences 
between sympatric species reduce competition. The results of this study showed 
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highest niche overlap for water stretch while lowest for grass cover. Dimensions with 
low niche overlaps contribute most to the niche separation of communities (Monda & 
Ratti 1988). Pianka (1974) and Schoener (1974) have suggested that for groups where 
more than one niche dimension is important, separation should be complementary. 
For example, a significant overlap for one resource should be offset by a difference in 
use of second resource. 
During my study period majority of flocks of both the sympatric species were 
encountered in open water and trees & boughs possibly because two species preferred 
trees for resting and open water for foraging. Moreover, they benefited by foraging 
and resting in flocks in these areas. According to Sasvari (Quoted by Krebs 1973) the 
flocking benefits an individual in several ways as they may find food more easily, can 
spend more time feeding (Caraco 1979), they avoid places already exploited by others 
(Cody 1971) and are less likely caught by a predator (Hamilinton 1971). However 
there are disadvantages also to be in flocks. Flocks may attract more predators than 
feeding alone (Suhonen, J 1993) and competition for food in a patch is more intense 
in groups than in isolated individuals (Murthan, 1971). 
Little cormorants were more associated with grass cover than large cormorant 
probably because they were found resting more on grassy patches while large 
cormorants were more associated with bare ground as they were mostly seen on 
mounds where grass cover was comparatively very low. The cormorant species were 
I'ound to prefer more open water because aquatic vegetations may hinder their diving 
and feeding activities (Vyas 1993). Both the species were found utilizing tall trees 
with dense canopy cover for resting, sunning and preening. This suggests that the 
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cormorants are closely associated with vegetation physiognomy at Sheikha. The 
results agree with those of Holmes and Robinson (1981), Morrison and Meslow 
(1983), Holmes and Reacher (1986 a,b) and Cruz (1987) that suggests that the 
vegetation structure limits the ways birds can find food resources and coexist at a 
particular site. Although Eucalyptus does not provide much cover but the cormorants 
appear to have adapted themselves for resting and day roosting on this tree probably 
due to its great height which provides protection from ground predators. 
The relationship between water depth and foraging habitat use of individual 
species of wetland birds has been well documented (Baker 1979, Poysa 1983, 
DuBowy 1988, Safran el al. 1997). The two sympatric cormorant species were found 
using different depth zones at different frequencies. Large cormorants were seen 
utilizing deeper areas more frequently while little cormorants were found utilizing 
shallow water also. The difference in depth use appears to partition resource between 
two species when they were foraging in same habitat. According to Cody 1974 small 
differences in resource use may reduce competition in areas with many species, and 
function as a coexistence mechanism. For example water depth at foraging locations 
differs among dabbling duck and shorebird species (Baker 1979, Poysa 1983, 
DuBowy 1988, Safran et al. 1997) and these habitat differences correlate with 
species' morphologies (Taft & Col well 2000). For waterfowl, depth at foraging sites 
correlated positively with species' neck lengths (Poysa 1983), a similar correlation 
holds for water depth and leg length of shorcbirds (Baker 1979). 
In shorebirds bill morphology has been considered as an important factor in 
microhabitat selection (Baker 1979, Gerritsen and van Heezik 1985). It is well 
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supported by Ali and Ripley (1978) that these two sympatric species of cormorants 
differ in their morphologies. Large cormorant had a slender bill hooked at tip while 
little cormorant has comparatively shorter and stouter bill. The large cormorants are 
comparatively bigger in size also. These difference in their morphologies accounts for 
the variation in depth use by the two species. Schoener (1965) has shown 
theoretically that sympatric, cogeneric or closely related species of nearly the same 
body weight or bill size would be likely to subdivide food by feeding on similar sized 
prey in different microhabitats. When differences in body and bill sizes are larger it is 
probable that coexistence (assuming that food is in limited supply) in the same 
microhabitat is achieved through selection of different sizes of prey. Here in this 
study the two sympatric species possibly coexist in same microhabitat by utilizing 
different depth zones for foraging. During the study it was found that on foraging 
ground the interaction of dabbling ducks with two sympatric species of cormorants 
was less as compared to diving ducks. The diving ducks were seen foraging in deep 
open water, which is also preferred by the two sympatric species of cormorants. 
Burger 1985 and Veen 1977 suggested that these intra- and interspecific associations 
are advantageous as they provide protection from avian and terrestrial predators. 
Several studies have shown that individuals can enhance their foraging success by 
joining flocks of intra- and interspecific competitors (Butler 1994). 
In this study the two sympatric species of cormorants showed more strong 
interspecific association with members of order ciconiiformes. The reason bchmd this 
association could be phylogenetic affinity. Olson (1979) suggested that the members 
of the order Ciconiformes are derived from at least three different lineages: 
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Charadriiformes, Gruiformes and Pelecaniformes. He also suggested that most of the 
families of order ciconiformes share characters with these three orders. Agnostic 
interactions were also observed between two cormorant species and members of 
Ciconiformes. Some species of non-breeding wading birds compete for foraging sites 
by defending territories (Bayer 1978, Cook 1978, Richner 1986, Draulans and 
Hannon 1988). Individuals in many species of herons defend foraging territories 
against conspecifics (Hedeen 1967, Recher 1972, Marion 1989, Vessem and Druians 
1987, Moser 1984). During my study agonistic interactions between two sympatric 
species of cormorants were rare. They were sometimes seen foraging and resting ai 
same place. Thus, the habitat differences observed during study seems to represent 
differences in habitat selection, although it remains possible that the species exercise 
passive avoidance. Little cormorant and large cormorant showed more close 
associations with other avian species of the area. This could be possibly to reduce 
competition among cogeners as according to Pianka (1974) competition may be 
intense between cogeneric species because they are often similar morphologically, 
physiologically, and ecologically. 
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Table 3.1 Percentage occurrence of two sympatric species of cormorants in 
different habitats in Sheikha jheel during October 2000- March 2004. 
Habitat Little Cormorant Large Cormorant 
Total percent No. of Mean Total percent No. of Mean 
sightings Flocks (%) Flock size sightings Flocks (%) Flock size 
(n=710) (n=144) (n=613) (n= 102) 
Shore 10.6 5.7 2.2 5.4 1.0 2.4 
Pool 
Open water 
Shallow water + 
Sparse Vegetation 
Canal 
Canal Bank 
Trees & boughs 
overhanging water 
Grassy patch 
Mounds 
Miscellaneous 
21.1 
22.7 
8.3 
4.3 
2.0 
15.0 
10.0 
2.0 
4.0 
21.8 
25.3 
2.6 
12.4 
1.0 
21.7 
4.4 
3.0 
2.1 
3.4 
2.0 
2.0 
3.3 
0.0 
4.0 
3.1 
3.2 
2.1 
9.5 
32.0 
10.0 
12.0 
2.1 
19.0 
2.0 
7.0 
3.0 
3.1 
24.5 
4.1 
15.0 
2.3 
25.0 
0.0 
23.7 
1.2 
3.4 
3.0 
2.0 
3.7 
3.0 
5.9 
0.0 
5.4 
2.5 
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Table 3.2 Percentage occurrence of two sympatric species of cormorants in different 
ground cover categories in Sheikha jheel during October 2000-March-2004 
% cover 
Little Cormorant (n= 220 sightings) Large Cormorant (n= 190 sightings) 
Grass Cover Bare Ground miscell- Grass Cover Bare Ground misce-
aneous llaneous 
0-20 
21-40 
41-60 
61-80 
81-100 
10.7 
53.3 
11.0 
13.4 
11.5 
31.7 
48.5 
12.3 
5.0 
2.5 
20.3 
18.0 
40.7 
18.5 
2.5 
67.5 
17.5 
6.3 
5.8 
3.0 
12.4 
13.0 
13.3 
51.1 
10.2 
44.7 
23.6 
3.1 
28.0 
0.6 
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Table 3.3 Percentage frequency of two sympatric species of cormorants recorded in 
different vegetation cover and water stretch categories in Sheil(ha jheel 
during October 2000- March 2004 
% cover 
Little Cormorant (n= 490 sightings) Large Cormorant (n= 423 sightings) 
Vegetation Cover Water Stretch Vegetation Cover Water Stretch 
0-20 39.0 9.2 47.3 4.0 
21-40 
41-60 
61-80 
81-100 
31.1 
19.7 
6.5 
3.7 
15.6 
17.2 
27.0 
31.0 
37.2 
8.2 
4.5 
2.8 
12.0 
18.3 
31.7 
34.0 
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Table 3.4 Shannon Wiener measure of niche breadth of habitat and resources used 
by little and large cormorant during October 2000- March 2004. 
Dimensions 
Habitat 
Tree height 
% Flocks 
% Canopy Cover 
% Foraging depth 
% Water stretch 
% Vegetation cover 
% Grass cover 
% Bare ground 
% Miscellaneous 
Little Cormorant 
0.886 
0.748 
0.823 
0.958 
0.950 
0.948 
0.835 
0.801 
0.752 
0.870 
Large Cormorant 
0.847 
0.848 
0.765 
0.921 
0.968 
0.833 
0.599 
0.601 
0.848 
0.740 
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Table 3.5 Horns Index of niche overlap for resources used by little and large 
cormorant during October 2000- March 2004. 
Dimensions Little Cormorant - Large Cormorant 
Habitat 0.914 
Tree height 0.546 
% Flocks 0.634 
% Canopy cover 0.973 
% Foraging depth 0.926 
% Water stretch 0.985 
% Vegetation cover 0.828 
% Grass cover 0.671 
% Bare ground 0.790 
% Miscellaneous 0.812 
Mean Overlap 0.807 
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Fig 3.1 Percentage frequency of little (LIC) and large (LAC) 
cormorants foraging in different water depths in 
Sheikha jheel during October 2000- March 2004. 
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Fig. 3.2 Percentage frequency of little (LIC) and large (LAC) 
cormorants utilizing different tree heights (m) in 
Sheikha jheel during October 2000- March 2004. 
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Fig. 3.3 Percent canopy cover utilized by little (LIC) and large cormorant 
(LAC) in Sheikha jheel during October 2000- March 2004. 
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Fig 3.4 Dendrogram (single linkage- nearest neighbor) showing association of two 
sympatric cormorant Species with other species in Sheikha jheel in October 
2000- March 2004. 
Resca led D i s t a n c e C l u s t e r Combine 
0 5 10 15 20 25 
+ + + ^ + ^ 
River Tern-+ + 
Whi teThroa ted k i n g f i s h e r - + +-+ 
Common K i n g f i s h e r + + I 
P ied K i n g f i s h e r + I 
S p o t b i l l Duck-+ I 
Les se r W h i s t l i n g Tea l -+ + I 
Comb Duck-+ I I 
Tufted duck-+ I I 
Wigeon-+ I I 
Shoveller-+ I I 
Ruddy Shelduck-+ I + + 
Pintail-+ + + I I 
Greylag Goose-+ I II I 
Garganey—+ I II I 
Gadwall-+ I II I 
Common Teal-+ I II I 
Common Poachard-+ I II I 
Coot-+ T : I I 
Barheaded Goose-+ II I 
Glossy Ibis + II I 
Woollynecked Stork + + +-+ I 
Blacknecked Stork + II I 
Large Cormorant + + II I 
Purple Heron + + + II I 
Darter + I II I 
Grey Heron-+ I II I 
Painted Stork-+ + II I 
Black Headed Ibis-+ +-+ II I 
Spoonbill + I II I 
Openbill Stork + I +-+ I 
Sarus + I I I 
Large Egret-+ + I I I 
Intermidiate Egret-+ II I I 
Purple Swamphen-+ + +-+-+ I I 
Redwattled Lapwing-+ + + I I I I I 
Bronze Winged Jacana-+ + I I I I I I 
Pheasant Tailed Jacana-+ +-+ I I I I 
Little Cormorant-+- + I I I I I 
Pond Hexon-+ + + I + + I 
Cattle Egret + + II I 
Little Egret + I I I 
Little Grebe + I I 
Whitebreasted Waterhen + I I 
Common Moorhen + I 
Common Sandpiper-+ 1 
Black winged Stilt-+ I 
Ruff-+ I 
Red Shank-+ + I 
Green Shank-+ + + 
Yellow wattled Lapwing + I 
Blackbellied Tern -+ + 
Blackheaded Gull-+ 
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CHAPTER 4 
TIME ACTIVITY BUDGET 
4.1 Introduction 
Time or activity budget is a quantitative description of how animals apportion their 
time for feeding and other activities (Baidassarre and Bolen 1994). These time 
budgets, which are, the pattern of time allocation for maintenance and breeding 
activities are important in understanding the evolution of avian reproductive and 
foraging behaviour (Verbeek, 1972; Schemske, 1975) and the way natural selection 
operates to produce efficient individuals (Bryant and Tatner, 1988). The terms of 
animal's energy budget provide a framework around which most of the available 
body size relations can be organized; those relations describe rates of ingestion, 
respiration, growth and defecation, plus a number of related phenomenon like 
predator- prey relations, resistance to starvation and aspects of life history (Peters, 
1986). The animal's energy relations can be related to its seasonal cycle of activity, 
its allocation of time foraging and other activities, and its place in the trophic 
structure of the ecosystem where it occurs (Brewer and Cann, 1982). 
The amount of time and energy which a bird devotes to different activities 
must inevitably influence its survival (Orians 1961). Although some types of 
behaviour require more time and energy than others, the optimizing paradigm predicts 
that the individual performs at the most opportune time (Smith 1976). Because of the 
chance component, the underlying rhythm of any behaviour repertoire can be 
modified in most cases and, therefore, the behavioural pattern is probabilistic 
(Ramachandran 1998). The behavioural patterns of animals are the product of their 
interaction to external biotic and abiotic stimuli (Baidassarre and Bolen 1994). 
Any animal has to undertake a variety of activities in order to survive, grow 
and reproduce. A male baya weaver -bird in the breeding season, for example has to 
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collect nesting material, weave his nest, and defend the nesting area against intruding 
males, display to the attendant females, feed, drink and sleep and so on. Each of these 
activities has a certain benefit and certain cost attached to it. Reducing the time spent 
in feeding may enable a male to complete the nest more quickly and display more 
towards intruding males and receptive females. However, he may at the same time be 
exposed to a greater risk of mortality through physical exhaustion. Shifting the 
emphasis from threatening intruding males to collection of nest material, may allow 
him to construct the nest more quickly, while at the same time render him more 
susceptible to the usurpation of his territor)'. Obviously all this have to be balanced 
for an appropriate decision regarding the proportion of time to be allocated to each 
activity. Hence the appropriate time budget depends on the criterion that the animal 
wants to maximize. It does not imply that the animal consciously choose a criterion 
and then allocate their time amongst various activities through appropriate 
calculations of cost and benefit attached to each activity. Rather it is assumed that the 
criterion is genetic fitness, and that the natural selection has moulded the time- budget 
of any animal so as to maximize its genetic fitness (Sharatchandra and Gadgil 1975). 
Activity budgets of birds greatly vary according to the types of habitats and 
food used (Paulus 1984). Carins (1987) proposed that variations in the time budgets 
of marine birds would correlate with prey availability and several studies have 
demonstrated a link between avian activity pattern and prey abundance (Monaghan ei 
al. 1994). Birds that maintain feeding territories exclusive oi the breeding season 
often utilize resources relatively stable in time and space (Schemske 1975). Time 
budgets have been increasingly used in ecological studies (Gauthier et. al. 1984). 
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They can be expected to throw much light on how the behaviour of any organism is 
structured in relation to its ecology (Sharatchandra & Gadgil 1975). Examining the 
influences of temporal and environmental factors on species time budget enables to 
understand the ecological significance of behavioural pattern (Boettcher and Haig 
1994). 
Vemer (1965) suggested that each species exhibited an optimal time budget 
for each environmental condition and that selection favored individuals whose time 
budgets were most adapted. Fagen (1974) has shown that natural selection should 
favor the allocation of a larger fraction of time towards play activity in the juvenile 
phases of the life history. Mac Farland (1977) makes a much finer analysis and shows 
how natural selection moulds the proportion of time devoted to and sequence of 
various components of male newt's courtship display. Fredrickson and Dronbney 
(1979) and Reinecke (1981) considered analysis of activity budgets a useful tool in 
determining the needs of wintering waterfowl. Time budget study of the birds is more 
important mainly to know their behavioural changes according to seasons within and 
between habitats (Maheswaran 1998). They are especially suitable for comparative 
studies such as those between sexes, periods of the year, and habitats both within and 
across species (Holmes et al. 1979a). 
Time activity budgets have been reported in many species of water birds, 
especially ducks (Baldassarre and Bolen 1994), geese (Raveling et al. 1972: Burton 
and Hudson 1978; Eberhardt et al. 1989; Marquiss and Ducan 1994) and waders 
(Boettcher and Haig 1994, Eguchil988). Tamissier (1976) studied the activity rhythm 
of wintering European Green-winged itdXAnas crecca and Folk (1971) added data on 
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the Tufted Duck Aythya fuligula. There are a few studies from India on ducks 
(Sridharan 1989) and other taxa of water birds, namely Purple Moorhen Porphyiro 
porpyiro (Bhupathy 1985) and Coot Fulica atra (Jayaraman 1985). 
Many field studies have been undertaken on birds and small mammals of 
temperate region as regards their timings of activity in relation to environmental 
factors over the seasons (Voute st al. 1974, Daan and Aschoff 1975, Erkinaro 1972). 
Their activity rhythms are mainly regulated by light / darkness cycle of nature. Other 
extrinsic factors such as temperature (Hoffman 1968), sound (Menaker and Eskin 
1966, Gwinner 1966) and social cues (Marimuthu et al. 1981) and intrinsic factors 
such as hormones (Turek et al. 1976), can also eventually modify several such 
activity rhythms. Daily beginning and end of activities, in day active birds correspond 
to timings of sunrise and sunset respectively, and keep closer pace with them in 
temperate regions (Daan and Aschoff 1975). Such systematic study, however, is not 
available for activity patterns of tropical birds (Navaneethakannan 1984). As far as 
the cormorants are concerned little is know about the movements and daily activity 
budgets (King et al. 1995). Thus, the major objective of our study was to monitor the 
bird to collect data on its daily activity pattern. The present study describes the time 
allocation patterns of the two species of cormorants occurring in Sheikha Jheel. An 
attempt was also made to find out the adaptive significance of the activity pattern 
followed by the cormorants and to determine differences in activity pattern of two 
congeneric species that allows resource partitioning between them. 
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4.2 Methodology 
The activity pattern of little and large cormorant were studied in daylight hours from 
January 2001 to March 2004 covering three major seasons, namely winter (2001-
2004), summer (2001-2003) and monsoon (2001-2003). Activity of both the species 
was studied at non-breeding site. As this study does not cover breeding aspects, 
activities like nest building, incubation and chick feeding were not recorded. Roosting 
time spent on night roost has also not been included in the activity budget of two 
species, it has been discussed in chapter 6. 
"Focal animal sampling" (Altman 1974) method was used. The hours of the 
day were divided into three four -hourly shifts: 6 to 10, 10 to 14 and 14 to 18 hrs, and 
observations were made on alternate shifts (Yahya 1980, 1988), a modification of 
Repeated Standard Observations, suggested by Hartley (1953). On encountering the 
bird we started recording data on the activities performed and amount of time spent in 
those activities. Focal bird was observed continuously until it left the area. Once it 
was out of sight 1 switched to another individual. While recording data a particular 
behaviour was noted only if it lasted for 15 seconds. Observations were made using a 
8 X 40 binoculars and a telescope. A digital stop watch and a hand tally counter were 
used to record specific events. The data was recorded on the field note book and later 
transcribed to data sheets. Bias was minimized by sampling both the sympatric 
species of cormorants for approximately the same length of time 
Activities of cormorants were divided into resting (time spent out of water on 
land resting or on trees- perching or sleeping i.e. day-roosting), preening (time spent 
in several actions, involving sensitive movements of the bill, such acts clean and 
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rearranges the barbs and barbules); sun basking/ wing stretching (time spent in 
warming themselves in Sun by spreading their wings); flying (time spent in gliding, 
takeoff and landing); foraging (time spent actively hunting and feeding) and loafing 
(time spent in water not actively foraging). Apart from these activities which we have 
categorized sitting alert (time spent looking around attentively), wing flapping 
(beating or shaking of wings), head scratching, bathing, defecating, diving (time spent 
underwater by paddling) and chasing were recorded under miscellaneous category. 
Some of these activities occurred in combined form. For instance chasing mostly 
consisted of flying, and diving also consists of flying. These activities could not be 
separated. Where separation of activities was practically difficult, such activities are 
reported in combined form. Flying activity was not recorded once the bird left the 
observation area. 
The time spent in each activity was monitored and was expressed as 
percentage of the total time of observation. These are depicted as Pie charts for 
overall study, for different seasons and for different hours of day. The mean ± S.E. of 
time spent in each activity per hour during the study period was also calculated from 
the hourly data of shifts and was expressed as minutes per hour for each activity. One 
way ANOVA was performed on the pooled data 2001-2004 for seasonal comparisons 
and for comparing different periods of day within species. Tukey's Post hoc test was 
also carried out for multiple comparisons. The Mann -Whitney U test was employed 
to see variations in activities between two species in different seasons at different 
limes of day during the overall study. 
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4.3 Results 
During the study period the activity budget of two sympatric species of cormorants in 
daylight hours was successfully studied for 1444 hours (Little cormorant= 724 hrs 
and Large cormorant= 720 hrs). An ethogram is the set of behavioural categories that 
is considered for describing the behaviour of a given species (Haccou and Meelis 
1992). Altogether 13 behavioural categories were identified for the two cormorant 
species. Resting, Foraging, LoaHng, Preening, Sunbasking, Flying, Wing 
flapping, Defecating, Bathing, Head scratching, Sitting Alert, Chasing and 
Diving. 
Resting and foraging was the common activity observed in little and large 
cormorants. Resting were the brief breaks that the bird had taken probably for 
conserving energy for the next activity. Preening was done in variety of situations in 
both the cormorant species. They were observed preening for a considerable time 
after foraging and loafing. They also preen while sunbasking and resting. The bird 
retired to a safe place to preen. The preening was mostly performed by the 
movements of bill. It started mostly from neck region to breast and then wings. 
During preening the most thorough movements observed were gentle nibbling of each 
feather by drawing it between the tips of the beak. Sometimes it was seen that the bird 
digs vigorously at one spot. Once preening was over, at times the bird was seen 
beating its wings. Basking was another common activity observed in two cormorant 
species after foraging and loafing. The birds would sit on a tree or ground, spread its 
wings and started warming themselves in the Sun. This was mainly done to dry their 
feathers. 
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The proportions of time allocated for different non breeding activities varied 
in little cormorant and large cormorant. The most frequent category was resting 
followed by foraging and loafing for the little cormorant and resting followed by 
foraging and preening for the large cormorant. The little cormorant rested (41.74%) 
and preened (8.77%) for half of the total time while they spent only one third of time 
budget for foraging (19.23%) and loafing (10.80%). Similarly in large cormorant 
also, time spent in resting (35.73%) and preening (11.99%) was nearly half of the 
total lime while one third of total time was spent in foraging (23.06%) and loafing 
(11.37%). The percentage of time spent on different activities by little and large 
cormorant during the study period 2001-2004 are given in Fig 4.1& 4.2. 
When data of all the years Jan 2001- March 2004 were pooled together to look 
for any statistically significant difference among various activities within the same 
species considerable variations in the time spent in different activities was noted. In 
both the cormorant species significantly greater proportions of time were allocated for 
resting than for any other energy expensive activities. In large cormorant significant 
difference was also found in flying + chasing activity (Table 4.1 & 4.2). 
Tukey's Post Hoc test result for large cormorant shows that, time spent in 
resting activity in years 2001 and 2002 differed significantly with time spent in this 
activity in 2004 (Mean^ diflference=5.908 ± 1.87, P<0.009) and (Mean 
difTerence=6.309 i 1.98. P<0.008) respectively. Post Hoc test results for flying 
^chasing activity revealed that in year 2001. 2002 and 2003 time allocated in this 
activity differed significantly with that of 2004 (Mean difference= -0.315 ± 0.12, 
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P<0.042), (Mean difference=-0.336 ±0.12, P<0.033) and (Mean difFererice=-0.399 ± 
0.12, P<0.009) respectively. 
As given in tables 4.1 & 4.2 the little cormorant spent more time in resting, 
bathing, wing flapping and defecation while less time in foraging, preening and head 
scratching as compared to large cormorant. Mann whitney U test results showed that 
these (resting, foraging, preening, wing flapping, head scratching, bathing, and 
defecation) activities differed significantly between two species. Rest of the activities 
did not differ significantly (Table 4.3). 
Season- wise analysis revealed that resting was the major activity followed by 
foraging in all seasons in little cormorant. In large cormorant also in monsoon and 
summer resting was the major activity while proportion of time allocated to resting in 
winter was almost similar to foraging time. The pattern of resting activity in two 
species in winter, summer and monsoon was inversely proportional to foraging 
activity. It was also found that in summer both the species allocated greater 
percentage of time in resting and less time in foraging as compared to the percentage 
of time spent in these activities in winter and monsoon. Percentage time allocated to 
preening, loafing, flying and sunbasking was higher in winter in both the species than 
in summer. The percentage of time spent on various activities by little cormorant (for 
winter n= 340 hrs; summer n= 196 hrs and monsoon n= 188 hrs) and large cormorant 
(for winter n= 340 hrs; summer n= 196 hrs and monsoon n= 184 hrs) in different 
seasons during the entire study period is given in Fig 4.3,4.4,4.5,4.6,4.7 & 4.8. 
It was found that pattern of variations in different non breeding activities in 
different seasons within species were similar for little and large cormorants. In little 
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cormorant time allotment for foraging, loafing, resting activity and sunbasking 
activity varied significantly in between three seasons. All other activities did not 
differ significantly (Table 4.4). Tukey's Post hoc results for seasonal variations in 
little cormorant showed that time allocated in foraging and resting activity in winter, 
and monsoon differed significantly with summer. Time spent in this activity in 
monsoon significantly differed with winter, having spent maximum time in foraging 
in winter and resting in summer. Similarly time allotment for loafing and sunbasking 
in monsoon and winter varied significantly with summer season. Minimum time in 
sunbasking was spent in summer season as compared to winter and monsoon while in 
loafing maximum time was spent in monsoon season as compared to other two 
seasons (Table 4.4 «fe 4.5). All these mean differences are significant at .05 level. 
In large cormorant also seasonal variations in time allotment for foraging, 
loafing, resting and sunbasking in three different seasons differed significantly. Rest 
of the activities did not differ significantly (Table 4.6). Post hoc results for large 
cormorant showed that foraging and resting in winter and monsoon varied 
significantly with summer. In addition to this, in monsoon time allocation for these 
activities also differed significantly with winter. The birds spent maximum time for 
foraging in winter and for resting in summer season. The time allotment for loafing 
and sunbasking activity during winter and monsoon varied significantly with summer. 
Minimum time in sunbasking was spent in summer season as compared lo winter and 
monsoon while in loafing maximum time was spent in winter season as compared to 
other two seasons (Table 4.6 & 4.7). 
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Statistical differences in seasonal variations in winter, summer and monsoon 
between two species I found that there was significant difference in the preening time 
of two species in winter and in monsoon. Large cormorant spent more time for this 
activity as compared to little cormorant in both the seasons. Foraging activity also 
differed significantly in winter and summer, large cormorant having spent more time 
for this activity than little cormorant in both the seasons. Resting time also varied 
significantly in winter, summer and monsoon. Little cormorant spent more time than 
large cormorant for this activity in all three seasons. Besides this, in all the three 
seasons significant difference emerged in wing flapping and bathing. Defecation 
differed significantly in winter (Table 4.8). Wing flapping and bathing were the 
activities in which little cormorant spent more time than large cormorant in all three 
seasons. (Table 4.4 &. 4.6). 
It was found that time budget of two species varied in different hours of the 
day (shift- wise) 0600-1000 hrs (morning hrs), 1000-1400 hrs (noon hrs) and 1400-
1800 hrs (afternoon hrs) during the study period. It was observed that both species 
were quite inactive in noon hours and spent most of their time in resting and for siesta 
(day roosting) either on trees or on ground instead of actively foraging. The results 
clearly show that resting peaked between 1000-1400 hrs and 1400-1800 hrs whereas 
foraging peaked between 0600-1000 hrs in both the species. Minimum foraging was 
recorded between 1000-1400 hrs. The results show that during noon hours foraging 
activity started decreasing and the species were observed to be active again in 
foraging from 1400 hours till late afternoons attaining there by the second peak of 
foraging. Other activities while resting were preening, scratching of head by legs and 
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neck by bill, flapping of wings and the most common was looking around. At times 
they did not show any apparent activity. They just perched on a tree and maintained a 
particular posture for hours, as if sleeping. Loafing was also a common activity 
during morning, noon and afternoon hrs when the bird was in mood of swimming, 
playing and bathing. It was seen that sometimes the bird suddenly took a small flight 
from its perch and dived in the pool. It swam for few seconds and again came back to 
the perch without doing any active foraging. The percentage of time spent on various 
activities by little (in morning n= 240 hrs; noon n= 244 hrs; afternoon n= 240 hrs) and 
large cormorant (in morning n= 240 hrs; noon n= 240 hrs; afternoon n= 240 hrs) in 
different periods of the day during study period is given in Fig 4.9, 4.10, 4.11, 4.12, 
4.13 & 4.14. 
The statistical test (One- way Anova) performed on this pooled data for 
different time periods within species revealed that in little cormorant preening, 
foraging, resting, sunbasking, wing flapping, bathing, defecation, head scratching and 
flying+ dive were the activities that varied significantly in different hours of the day 
(Table 4.9). Similarly in large cormorant foraging, resting, sunbasking, wing flapping, 
head scratching and flying +dive were the activities that differed significantly in 
different hours of the day (Table 4.10). Tukey's Post Hoc results suggested that in 
little cormorant time allocation for preening, head scratching and bathing varied 
significantly during different shifts having spent maximum time for these activities in 
late afternoon. The allocation of time for loafing in morning and afternoon varied 
significantly with that of noon having spent maximum time in this activity in morning 
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hours. The cormorant spent maximum time for foraging in morning hours irrespective 
of seasons. 
Similarly they spent maximum time for resting in noon hours. The time 
allocated in morning hours and afternoon hours in sunbasking activity also differed 
significantly with time spent in this activity in noon hours. Most of the basking was 
observed in morning hours. Flying + dive and defecation activity time in morning 
hours and noon hours varied significantly with that of afternoon hours. All the mean 
differences significant at .05 level are given in Table 4.11. Tukey's Post Hoc test 
results for large cormorant also revealed that foraging and resting activity in noon and 
afternoon hours differed significantly with that of morning hours. Most of the 
foraging was observed in morning hours while resting in noon hours. In addition to 
this, time allocation for resting activity in noon hours also differed significantly with 
afternoon hours. The bird spent maximum time for sunbasking, head scratching and 
wing flapping in afternoon hours. All the mean differences significant at .05 level are 
given in Table 4.12. 
The results of Mann- whitney U test performed to see the statistical 
differences in activities between two species showed that preening, foraging, resting, 
wing flapping, bathing, head scratching were the activities that varied significantly in 
morning hours, Preening, foraging, resting and flying were the activities that varied 
significantly in noon hours, whereas in afternoon hours foraging, wing flapping, 
bathing and defecation were the activities that differed significantly (Table 4.13). It 
was observed that out of these activities which differed significantly time allocated by 
large cormorant at different periods of day was greater in preening and foraging 
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activities while less in resting, flying, wing flapping, bathing, head scratching and 
defecating as compared to the time allocated by little cormorant in these activities 
(Table 4.9 & 4.10). 
When analysis was done on pooled data 2001-2004 for different hours of day 
in different seasons results revealed that the pattern of allocating time is almost 
similar in little cormorant and large cormorant. In both the species percent time of 
foraging increased with a corresponding decrease in resting activity in morning hours 
as compared to noon and afternoon hours in all three seasons. Both the species spent 
major portion of their time for resting, followed by feeding in noon and afternoon 
hours in all the three seasons. In little cormorant time allocated for sunbasking also 
increased with decrease in resting time in morning hours as compared to noon and 
afternoon hours in all three seasons. No such constant pattern for sunbasking was 
observed in large cormorant. The percentage of time spent on various activities by 
little and large cormorant in different periods of the day in different seasons is given 
in fig 4.15, 4.16, 4.17, 4.18, 4.19, 4.20, 4.21, 4.22, 4.23, 4.24, 4.25, 4.26, 4.27, 4.28, 
4.29, 430, 4.31& 4.32. 
In little cormorant foraging, loafing, resting, sunbasking were the activities 
that showed significant difference in morning hours, noon hours and afternoon hours 
in ail three seasons while preening was the activity that differed significantly only in 
morning hours of three seasons. Significant difference was found in time spent in 
sitting alert in afternoon hours in all seasons. All other activities did not show any 
significant difference (Table 4.14,4.15& 4.16). 
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In large cormorant time spent in foraging, resting and sunbasking differed 
significantly in morning hours, noon hours and afternoon hours in all three seasons. 
Preening, loafing and flying + dive time showed significant difference in noon hours 
in different seasons. In afternoon hours in all three seasons time allocated to loafing 
and sitting alert varied significantly (Table 4.17, 4.18 & 4.19). Tukey's Post hoc 
results for little and large cormorant for different hours of day in winter, summer and 
monsoon for the activities which differed significantly at .05 level are given in table 
4.20, 4.21, 4.22,4.23, 4.24 & 4.25. 
The Mann- Whitney U test performed between little and large cormorant with 
this pooled data 2001-2004 for different periods of day in different seasons gave 
significant differences in allocation time of preening, loafing and resting in morning 
hours in winter and monsoon season respectively. Time spent in morning hours in 
foraging varied significantly in monsoon while in winter it varied in wing flapping, 
bathing, head scratching and flying +dive. It was found that large cormorant spent 
more time during morning hours in winter and monsoon season in preening and less 
time in resting as compared to little cormorant. It also spend more time in foraging 
and less time in loafing in monsoon while in winter it spend less time in wing 
flapping, bathing, head scratching and flying +dive as compared to lime spend by 
little cormorant, in these activities (Table 4.26). The Mann- Whitney U test results 
also shows that in noon hours time spent in resting in all three seasons differed 
significantly between two species, in preening it varied significantly in winter and 
monsoon while in loafing it differed in monsoon season, large cormorant having 
spend more time in preening in winter and monsoon and less time in resting in all 
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seasons as compared to little cormorant. It also spend more time as compared to little 
cormorant in loafing in monsoon season (Table 4.27). 
Time allocated in resting, wing flapping, bathing and defecation varied 
significantly in afternoon hours in winter and monsoon season. Time spent in 
afternoon hours for preening and flying + dive differed significantly only in monsoon 
season while foraging time differed significantly only in winter season (Table 4.28). 
It was observed that little cormorant spent more time in resting, wing flapping, 
bathing and defecation in winter and monsoon season while less time in preening in 
monsoon and foraging in winter as compared to large cormorant. It also spends more 
time in flying + dive as compared to large cormorant in monsoon season (Table 4.16 
&4.I9). 
4.4 Discussion 
Most organisms apportion their time for different behavioural categories. The optimal 
budgeting of time and energy between foraging versus non foraging activities is 
evidently, profoundly influenced by the circadian and seasonal rhythms of physical 
conditions, as well as those of predators and prey. During this study little and large 
cormorant set aside a considerable amount of day time for resting followed by 
foraging, with two activities being inversely related. As foraging time decreased, time 
spent resting increased. Similar patterns were reported in the purple moorhen 
Phorphyrio porphrio (Bhupathy 1985) and coot Fulica atra (Jayaraman 1985) from 
Keoladeo National Park. A review of activity budget of water- fowl by Baldassarre 
and Bolen (1994) revealed similar trends In waterfowl, with the two activities 
(feeding and resting) being inversely related. The time spent for foraging and resting 
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in little cormorant during study period was 19.23% and 41.74% respectively whereas 
in the large cormorant it was 23.06% and 35.73%. These values are comparable to 
those obtained for ducks, geese and purple moorhens. The average time spent for 
feeding is 20-60% and 30-90% for ducks and geese respectively while in both resting 
averages 10-50% (Baldassarre and Bolen 1984). In the purple moorhen, feeding and 
maintenance values were 59% and 33% respectively (Bhupathy 1985). 
Resting can be both a way of conserving energy (Magrath and Lill, 1983) and 
buffer in the time budget, if the demand on another activity should increase 
(Enoksson, 1990). It was observed in this study that large cormorant as compared to 
little cormorant apportion slightly greater percentage of time in foraging and less time 
in resting. The reason for little cormorant's prolonged resting period could be due to 
its high foraging efficiency as they do not spend much time in searching and selecting 
the prey. Thereby its foraging time duration decreases considerably and this extra 
time was spent for resting. The greater foraging time of large cormorant over little 
cormorant was, probably due to increased dive durations of large cormorant while 
foraging as it spends a lot of time in searching for nutritious food hence requiring 
increased feeding to maintain energy balance. Thus when energy consumption is 
considered it appears large cormorant need to forage and exploit the resources and 
area for a longer period each day than its congener. This difference in foraging 
efficiency of two species appears to be a means of resource partitioning between them 
leading to their successful coexistence in the same area. The waterfowl selecting food 
with low water and high energy content, and high availability, spent the least amount 
of time on feeding (Baldassarre and Bolen 1994). The lesser snow geese Anser caerul 
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escens in Iowa spent only 15- 20% of their day time budget on feeding activities 
(Fredrick and Klaas 1982). 
The time of day and temperature influence the daily activity of patterns of 
birds (Estes et al., 1986; Enoksson, 1990). Several studies have reported temporal 
segregation for both adult ducks and broods (Monda & Ratti 1988). Similar findings 
were made in the present study. The time spent on feeding declined with progress in 
the day as well as with increase in temperature. The intensity of foraging slowed 
down in both the cormorant species as the day progressed from morning till mid day. 
it increased further towards evening. Greater proportions of time were spent feeding 
in morning and afternoon than in noon hours. In both the species in morning hours 
foraging was the major activity, while in noon and afternoon resting was the major 
activity. Morning and evening feeding peaks have been well documented for broods 
of various species (Hochbaum 1944, Chura 1963, Ringelman and Flake 1980). 
Ringelman and Flake 1980 reported some temporal differences in feeding activity 
between blue- winged teal Anas discors and mallards Anasplatyrhynchos in age class 
I and II. 
During hot hours of the day both the species were generally seen resting. At 
high temperature it might have been energetically advantageous to reduce feeding 
while low temperature increased the energy requirements for maintenance (Bryant 
and Tatner, 1988; Paulus, 1988). Caraco (1979) found that yellow^ed junco, Jmco 
phaeotus spent more time foraging in \ov,ct cnvirtmmental temperatures. Paulus 
(1988) found similar effects of temperature in the time budgets of nuthatch, Sitta 
europea. Koskimies and Lathi (1964) reported differences in low temperature 
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tolerances for several species of ducklings. The availability of nutritious food, 
suitable habitat and environmental factors (temperature or rainfall) explains the 
differences in seasonal time allotment for feeding and other activities in both species 
of cormorants. Intensive feeding was observed in monsoon season, maximum 
foraging in winter season and minimum in summer season in both the species. As 
with other birds in colder weather cormorants would need to spend more time 
foraging and less time loafing and roosting (Gill 1990). 
Although little cormorant spent more time in resting and less time in foraging 
than large cormorant in all seasons and at different hours of the day, but this 
difference in the proportion of resting time was more in noon hours. The former were 
seen resting more in noon hours allowing the latter to forage successfully. This 
clearly shows that two species are active at different hours of the day which could be 
means of ecological isolation between them. Nilsson (1970) observed species of 
diving ducks segregating their feeding activities by diurnal and nocturnal partitioning, 
suggesting that time plays a major role in isolating two species ecologically. 
The spread- wing posture of cormorants has long been the subject of scientific 
investigation (Kortlandt 1940, Clark 1969, Curry-Lindahl 1970). The main 
hypotheses in connection with this behaviour are that it is i) balancing posture 
(Stabler 1957); ii) intraspecific signal of successful fishing (Jones 1978); iii) aid to 
thermoregulation (Curry-Lindahl 1970, Hennemann 1982) or iv) or wing- drying 
strategy (Kortlandt 1940, Winkler 1983). There is now general agreement that 
sunning behaviour of cormorants serves to dry the wings (Simmons 1986). The 
spread wing posture has, indeed been described as the wing- drying posture in 
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response to the wings wet stimulus (Kortlandt 1940). Little cormorant spend more 
time than large cormorant in sunbasking. According to Burton (1941), cormorants 
while fishing, raises its feathers to let water in and displace the trapped air, so 
reducing its buoyancy. On its return to the surface, the water logged cormorant finds 
take-off difficult until it can dry its feathers. To dry them, it perches with wings 
outstretched. Waterlogging also destroys insulation so they bask in sun. 
During the entire study it was noticed that the little cormorant spend more 
time in wing flapping than large cormorant. The higher frequency of wing flaps of 
little cormorants seems to be correlated with its smaller body size (Campbell & Lack 
1985). The reason of flapping wings could be to dry and settle its feathers smoothly 
as feather maintenance is an important activity and birds spend considerable time in 
preening them (Burton 1941 & Yahya 1980). Preening and loafing were the activities 
in which large cormorant spend more proportion of time than little cormorant during 
the study period. Wetting the feathers before preening helps the spread of preen oil. 
The oil seems to keep the feathers from becoming brittle, and it has antibacterial and 
fungicidal properties (Burton 1941). It appears that sympatric cormorants remain 
ecologically isolated owing to differences in time spent for various activities in 
different seasons and at different hours of the day. Brady (1982) states that the 
circadian control of the daily, repeated, ongoing and normal behaviour rhythm should 
only be probabilistic average, and does not prevent animaJK from making 
instantaneous, ad hoc responses when the needs arises. 1 herefore, the time budgets in 
cormorant species might be Influenced by food choice and availability, and 
environmental factors. 
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Table 4.1 Various activities of little cormorant during January 2001- March 2004. Ail 
values are expressed as time spent in minutes per hour engaged in that 
activity (n= 724 hrs). 
Activity 
Preening 
Foraging 
Lx)afing 
Resting 
Flying 
Sun basking 
Sitting alert 
Wing Flapping 
Bathing 
Defecation 
Head scratching 
Flying + Dive 
Flying + Chasing 
Mean ± SE 
5.22 ± 0.23 
11.46 ±0.48 
6.43± 0.28 
24.88±0.6I 
2.48±0.13 
4.84 ±0.33 
1.79 ±0.12 
0.49±0.03 
0.40± 0.04 
0.31 ±0.03 
0.37± 0.03 
0.71± 0.06 
0.16±0.02 
F- value 
1.213 
2.135 
0.648 
2.699 
0.095 
1.481 
0.760 
0.579 
0.393 
0.650 
0.496 
0.547 
1.249 
Probability 
0.305 
0.096 
0.585 
0.046 
0.963 
0.220 
0.517 
0.629 
0.758 
0.584 
0.685 
0.651 
0.292 
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Table 4.2 Various activities of large cormorant during January 2001- March 2004. 
All values are expressed as time spent in minutes per hour engaged in that 
activity (n=720 hrs). 
Activity 
Preening 
Foraging 
Loafing 
Resting 
Flying 
Sun basking 
Sitting alert 
Wing Flapping 
Bathing 
Defecation 
Head scratching 
Flying + Dive 
Flying + Chasing 
Mean ± SE 
7.13 ±0.24 
13.71 ±0.45 
6.76 ± 0.24 
21.25 ±0.57 
2.29 ±0.13 
4.52 ± 0.30 
2.00 ±0.15 
0.25 ± 0.02 
0.15 ±0.02 
0.16 ±0.02 
0.30 ±0.03 
0.73 ± 0.08 
0.17 ±0.03 
F- value 
0.55 
2.420 
1.068 
4.052 
1.547 
0.866 
0.268 
0.366 
0.893 
0.614 
1.905 
1.028 
3.536 
Probability 
0.983 
0.066 
0.363 
0.008 
0.202 
0.459 
0.849 
0.779 
0.445 
0.606 
0.129 
0.380 
0.015 
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Table 4.3 A comparison of variations in activities of little and large cormorant during 
January 2001- March 2004 by using Maan whitney U test (n= 1444 hrs). 
Activity Z Value Probability 
Preening 
Foraging 
Loafing 
Resting 
Flying 
Sunbasking 
Siting Alert 
Wing Flapping 
Bathing 
Defecation 
Head Scratching 
Flying + Drive 
Flying +Chasing 
-6.202 
-4.116 
-1.887 
-4.147 
-1.181 
-0.393 
-0.528 
-5.057 
-5.106 
-3.776 
-2.216 
-1.806 
-1.092 
0.000 
0.000 
0.059 
0.000 
0.238 
0.694 
0.597 
0.000 
0.000 
0.000 
0.027 
0.071 
0.275 
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Table 4.4 Seasonal variations in activity of little cormorant during January 2001-
March 2004. All values are expressed as time spent in minutes per hour 
engaged in that activity. 
Winter 
Activity 
Preening 
Foraging 
Loafing 
Resting 
Flying 
Sun baslcing 
Sitting alert 
Wing Flapping 
Bathing 
Defecation 
Head scratching 
Flying + Dive 
Flying + Chasing 
Total hours 
observed 
14.26 ±0.79 
6.99 ±0.35 
2.29 ±0.17 
5.90 ± 0.49 
l.80±0.I7 
0.45 ± 0.05 
0.40 ± 0.05 
0.33 ± 0.04 
0.37 ± 0.05 
0.77 ±0.01 
0.22 ±0.04 
340 
Summer Monsoon 
Mean±SE Mean±SE Mean±SE F-value Probability 
5.12 ±0.32 5.97 ±0.56 4.74 ±0.37 1.812 0.165 
6.17±0.63 10.91 ±0.51 26.824 0.000 
4.20 ±0.48 7.43 ±0.67 10.745 0.000 
20.53 ±0.85 35.15 ±0.99 23.82 ±0.52 67.498 0.000 
2.49 ± 0.28 2.85 ± 0.27 
1.52 ±0.22 2.02 ±0.25 
0.47 ± 0.06 0.59 ± 0.08 
0.46 ±0.08 0.37 ±0.08 
0.34 ±0.06 0.25 ±0.05 
0.40 ±0.08 0.33 ±0.06 
0.59 ±0.01 0.71 ±0.01 
0.17 ±0.05 9.45 ±0.04 
196 188 
1.529 0.219 
1.75 ±0.42 5.66 ±0.66 14.865 0.000 
1.000 0.369 
1.197 0.304 
0.278 0.757 
0.717 0.489 
0.214 0.807 
0.609 0.544 
1.519 0.221 
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Table 4.5 Tukey's Post hoc test for seasonal variations in activities of little 
cormorant during January 2001- March 2004. All values are significant at 
.05 level. 
Activity 
Loafing 
Loafing 
1 oraging 
Foraging 
Foraging 
Resting 
Resting 
Resting 
Sunbasking 
Sunbasking 
Season 
(I) 
Summer 
Summer 
Monsoon 
Summer 
Summer 
Summer 
Summer 
Monsoon 
Summer 
Summer 
Season 
(J) 
Monsoon 
Winter 
Winter 
Winter 
Monsoon 
Monsoon 
Winter 
Winter 
Monsoon 
Winter 
Mean Difference± SE 
(1-J) 
-3.229 ± 0.77 
-2.790 ± 0.67 
-3.343 ±1.08 
4.745 ±1.27 
-8.088 ±1.11 
14.621 ±1.26 
-11.335 ±1.44 
3.2864 ±1.23 
-3.908 ± 0.906 
-4.149 ±0.792 
Probability 
0.000 
0.000 
0.000 
0.001 
0.000 
0.000 
0.000 
0.021 
0.000 
0.000 
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Table 4.6 Seasonal variations in activities of large cormorant during January 2001-
March 2004. All values are expressed as time spent in minutes per hour 
engaged in that activity. 
Activity Winter Summer Monsoon 
Mean+SE Mean+SE Mean+SE F Value Probability 
Preening 7.43+0.34 6.11+0.47 7.48+0.48 2.745 0.066 
Foraging 
Loafing 
Resting 
Flying 
Sunbasking 
Siting Alert 
Bathing 
Defecation 
16.46+0.60 8.97+0.73 12.75+0.89 26.898 
7.60+0.34 4.84+0.45 6.91+0.44 
16.20+0.69 31.57+0.93 21.50+0.65 
2.37+0.17 2.17+0.24 2.24+0.30 
5.40+0.44 1.85+0.33 5.29+0.65 
2.13+0.23 1.69+0.28 2.05+0.30 
Wing Flapping 0.23±0.04 0.28±0.05 0.27±0.06 
0.13+0.03 0.21+0.06 0.13+0.04 
0.15+0.02 0.23+0.05 0.13+0.04 
.  
11.355 
94.984 
0.223 
13.358 
0.634 
0.324 
0.919 
1.368 
0.000 
0.000 
0.000 
0.800 
0.000 
0.531 
0.724 
0.400 
0.256 
Head Scratching 0.29±0.05 0.63+0.15 0.85+0.15 0.446 0.641 
Flying + Drive 0.73±0.11 0.63±0.15 0.85±0.15 0.446 0.641 
Flying-^Chasing 0.18+0 05 0.24+0.09 0.06±0.04 1.556 0.212 
Total hours 
observed 
340 196 184 
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Table 4.7 Tukey's Post hoc test for seasonal variations in activities of large 
cormorant during January 2001- March 2004.A1I values are significant at 
.05 level. 
Activity 
Foraging 
Foraging 
Foraging 
Resting 
Resting 
Resting 
Loafing 
Loafing 
Sunbasking 
Sunbasking 
Season 
(I) 
Summer 
Monsoon 
Summer 
Summer 
Summer 
Monsoon 
Summer 
Summer 
Summer 
Summer 
Season 
(J) 
Monsoon 
Winter 
Winter 
Monsoon 
Winter 
Winter 
Monsoon 
Winter 
Monsoon 
Winter 
Mean Differencei SE 
(I-J) 
-7.491 ± 1.03 
-3.705 ±1.01 
-3.785 ±1.18, 
-10.079 ± 1.27 
-15.372±l.n 
5.2931 ±1.09 
-2.078 ± 0.66 
-2.759 ±0.58 
-3.442 ± 0.82 
-3.551 ±0.72 
Probability 
0.000 
0.001 
0.004 
0.000 
0.000 
0.000 
0.005 
0.000 
0.000 
0.000 
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Table 4.8 A comparison of activity pattern of little and large cormorant in different 
seasons during January 2001- March 2004. by using Maan Whitney U Test. 
Activity 
Preening 
Foraging 
Loafing 
Resting 
Flying 
Sunbasking 
Siting Alert 
Wing 
Flapping 
Bathing 
Defecation 
Winter i 
Z Value 
-5.180 
-3.567 
-1.811 
-3.762 
-0.289 
-0.441 
0.054 
-3.529 
-3.964 
-3.119 
(n= 680 hrs) 
Probability 
0.000 
0.000 
0.070 
0.000 
0.773 
0.659 
0.957 
0.000 
0.000 
0.002 
Summer (n= 392 hrs) 
Z Value 
-0.767 
-3.097 
-1.303 
-2.161 
-0.638 
-0.164 
0.615 
-2.027 
-2.265 
-1.358 
Probability 
0.443 
0.002 
0.193 
0.031 
0.523 
0.870 
0.539 
0.043 
0.024 
0.175 
Monsoon (n= 372 hrs) 
Z Value 
-4.484 
-1.171 
-0.604 
-2.132 
-1.812 
0.469 
0.519 
-3.069 
-2.402 
-1.857 
Probability 
0.000 
0.242 
0.546 
0.033 
0.070 
0.639 
0.604 
0.002 
0.016 
0.063 
Head -1.715 0.086 -0.611 0.541 -1.412 0.158 
Scratching 
Flying + 1.571 0.116 -1.115 0.265 -0.283 0.777 
Drive 
Flying -1.431 0.153 -0.182 0.856 -0.715 0475 
+Chasing 
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Table 4.9 Various activities of little cormorant in different hours of day during Januar 
2001- March 2004. All values are expressed as time spent in minutes per hou 
engaged in that activity. 
Activity 
Morning Noon Afternoon 
(06:00-10:00) (10:00-14:00) (14:00-18:00) 
Mean+SE Mean+SE Mean+SE F Value Probabilir 
Preening 
Foraging 
Loafing 
Resting 
1-lying 
Sunbasking 
Siting Alert 
Wing Flapping 
Bathing 
Defecation 
Total hours 
observed 
5.25 + 0.45 4.51+0.28 5.93 + 044 3.110 
17.20+1.09 8.04 + 0.47 9.15 + 0.42 46.671 
7.13 + 0.63 5.23+0.32 6.95 + 0.44 4.737 
16.92 + 0.91 33.37 + 0.79 24.26 + 0.73 101.779 
2.16 + 0.23 2.82 + 0.19 2.46 + 0.24 
6.66 + 0.75 2.64 + 0.30 5.25 + 0.51 
1,77 ±0.23 1.48 ±0.18 2.13 ±0.21 
0.42 + 6.74 0.433 + 6.53 0.63 + 6.18 
0.35 + 7.16 0.30 + 5.92 0.56 + 8.28 
0.21 + 4.73 0.20 + 4.38 0.53 + 6.03 
Head Scratching 0.33 ±6.89 0.25 ±5.91 0.53 ±6.13 
living t Drive 0 56 i 0.11 0.45 ± 7.47 1.13+0.12 
Flying + Chasing 0 :<> •. 6.15 0.15 i 4.93 0.11 ± 4.19 
240 244 240 
2.133 
13.570 
3.195 
3.681 
13.548 
0.046 
0.000 
0.09 
0.000 
0.120 
0.000 
2.349 0.097 
0.042 
0.026 
0.000 
5.191 0.006 
11.371 0.000 
2.096 0.125 
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Table 4.10 Various activities of large cormorant in different hours of day during January 
2001- March 2004. All values are expressed as time spent in minutes per hour 
engaged in that activity. 
Activity 
Morning Noon Afternoon 
(06:00-10:00) (10:00-14:00) (14:00-18:00) 
Preening 
Foraging 
Loafing 
Resting 
Flying 
Sunbasking 
Siting Alert 
Wing Flapping 
Bathing 
Defecation 
Head Scratching 
Flying + Drive 
Flying 
+Chasing 
Total hours 
observed 
Mean+SE 
7.39 ±0.39 
19.98 ±0.85 
7.20 ± 0.46 
13.79 ±0.9 
2.26 ± 0.24 
4.98 ± 0.60 
1.83 ±0.28 
0.12 ±3.70 
0.13 ±4.82 
0.10±3.13 
0.14 ±4.67 
0.42 ±0.11 
0.16 ±6.22 
240 
Mean+SE 
7.48 ± 0.43 
10.15 ±0.48 
6.34 ±0.37 
27.45 ± 0.82 
2.24 ±0.16 
2.88 ±0.31 
1.90 ±0.21 
0.35 ±5.68 
0.21 ±5.33 
0.18 ±4.23 
0.26 ±6.13 
0.80 ±0.12 
0.12 ±4.45 
240 
Mean+SE 
6.50 ±0.44 
11.01 ±0.53 
6.74 ±0.41 
22.45 ±0.71 
2.37 ±0.25 
5.73 ±0.56 
2.28 ±0.30 
0.29 ±5.37 
0.10±3.50 
0.21 ±4.20 
0.49 ±7.61 
0.98 ±0.16 
0.22 ± 8.08 
240 
F Value 
1.628 
71.333 
1.076 
71.218 
0.100 
8.384 
0.780 
5.540 
1.548 
2.039 
7.987 
4.358 
0.580 
Probabilitj" 
0.198 
0.000 
0.342 
0.000 
0.905 
0.000 
0.459 
0.004 
0.214 
0.132 
0.000 
0.014 
0.561 
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Table 4.11 Tukey's Post hoc test for various activities of little cormorant in different 
hours of day during January 2001- March 2004.AII values are significant at 
.05 level. 
Activity 
Preening 
Loafing 
Loafing 
Foraging 
Foraging 
Resting 
Resting 
Resting 
Bathing 
Head scratching 
Flying + dive 
Flying + dive 
Defecation 
Defecation 
Sunbasking 
Sunbasking 
Hours of Day 
(I) 
Noon 
Morning 
Afternoon 
Noon 
Afternoon 
Noon 
Afternoon 
Noon 
Noon 
Noon 
Morning 
Noon 
Morning 
Noon 
Morning 
Afternoon 
Hours of Day 
(J) 
Afternoon 
Noon 
Noon 
Morning 
Morning 
Morning 
Morning 
Afternoon 
Afternoon 
Afternoon 
Afternoon 
Afternoon 
Afternoon 
Afternoon 
Noon 
Noon 
Mean Difference* SE 
(I-J) 
L421±0.57 
-1.898 ±0.68 
-L720±0.68 
-9.167 ±1.03 
8.050 ±1.03 
-16.441 ±1.15 
-I.336±1.I6 
-9.108± 1.15 
-2.591 ±0.10 
-2.791 ±0.08 
-0.574 ±0.15 
-0.683 ±0.15 
-3.1 89 ±0.07 
-0.331 ±0.72 
-16.441 ± 1.15 
-1.3361 ± 1.16 
Probability 
0.034 
0.015 
0.032 
0.000 
0.000 
0.000 
0.000 
0.000 
0.028 
0.005 
0.001 
0.001 
0.000 
0.000 
0.000 
0.000 
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Table 4.12 Tukey's Post hoc test for various activities of large cormorant in 
different hours of day during January 2001- March 2004. All values are 
significant at .05 level. 
Activity 
Foraging 
Foraging 
Resting 
Resting 
Resting 
Head scratching 
Head scratching 
Flying + dive 
Wing Flapping 
Sunbasking 
Sunbasking 
Hours of Day 
(I) 
Noon 
Afternoon 
Noon 
Afternoon 
Noon 
Morning 
Noon 
Morning 
Morning 
Morning 
Afternoon 
Hours of Day 
(J) 
Morning 
Morning 
Morning 
Morning 
Afternoon 
Afternoon 
Afternoon 
Afternoon 
Afternoon 
Noon 
Noon 
Mean Difference± SE 
(I-J) 
-9.834 ±0.91 
-8.979 ±0.91 
13.661 ±1.15 
-8.661 ±1.16 
5.001 ±1.16 
-0.348 ± 0.08 
-0.226 ± 0.08 
-0.562 ±0.19 
-0.169 ±0.07 
-2.103 ±.721 
-2.850 ±.723 
Probability 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.028 
0.110 
0.044 
0.010 
0.000 
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Table 4.13 A comparison of activity pattern of little and large cormorant in different 
hours of day during January 2001- March 2004. by using Mann whitney U 
test. 
Activity 
Preening 
Foraging 
Loafing 
Resting 
Flying 
Sunbasking 
Siting Alert 
Wing 
Flapping 
Bathing 
Defecation 
Morning (n= 480 
Z Value 
-3.929 
-3.060 
-0.929 
-3.165 
-0.084 
1.298 
-0.724 
-3.829 
-2.737 
-1.849 
hrs) 
Probabilit 
y 
0.000 
0.002 
0.353 
0.002 
0.933 
0.194 
0.469 
0.000 
0.006 
0.064 
Noon (n= 484 hrs) 
Z Value 
-5.323 
-3.053 
-1.786 
-4.410 
-2.115 
-0.604 
-0.89 
-0.874 
-1.371 
-0.364 
Probability 
0.000 
0.002 
0.074 
0.000 
0.034 
0.546 
0.372 
0.382 
0.170 
0.716 
Afternoon (n= 480 hrs) 
Z Value 
-1.501 
-2.324 
-0.097 
1.896 
-0.313 
-0.396 
-0.428 
-4.177 
-4.665 
-4.177 
Probability 
0.133 
0.020 
0.923 
0.058 
0.754 
0.692 
0.668 
0.000 
0.000 
0.000 
Head -2.443 0.015 -0.079 0.937 -1.181 0.000 
Scratching 
Flying + 1.883 0.060 -1.294 0.196 -2.296 0.022 
Drive 
Flying -1.945 0.052 -0.480 0.631 -0.099 0.921 
+Cha$ing 
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Table 4.14 Seasonal variations in activities of little cormorant in morning hours (06:00 -
10:00 hrs.) during January 2001- March 2004. All values are expressed as 
time spent in minutes per hour engaged in that activity. 
Activity 
Winter Summer Monsoon 
Mean+SE Mean+SE Mean+SE F Value Probability 
Preening 4.64+0.62 7.82+0.84 4.04+0.86 5.678 0.005 
Foraging 
Loafing 
Resting 
Flying 
Sunbasking 
Siting Alert 
Bathing 
Defecation 
23.47+1.56 8.60+1.41 13.08+0.85 
5.06+0.67 6.34+1.09 • 11.84+1.45 
10.16+0.64 28.82+1.42 18.96+0.35 126.160 
2.10+0.31 1.69+0.36 2.72+0.58 
8.37+1.11 2.52+1.04 7.20+1.44 
1.89+0.35 2.27+0.52 1.12+0.36 
Wing Flapping 0.54±0.10 0.30±0.11 0.32±0.12 
0.44+0.10 0.43+0.17 0.12+0.08 
0.27+0.07 0.26+0.11 0.08+0.05 
Head Scratching 0.41+0.10 0.34±0.17 0.16±0.07 
Flying + Drive 0.77±0.20 0.43±0.22 0.28±0.12 
Hying Khasing 0.37t0.10 0.21±0.10 0.08+0.05 
6.762 
2.394 
1  
1.222 
5.472 
1.586 
1.460 
2.014 
1.535 
1.199 
1.654 
2.094 
0.000 
0.000 
0.000 
0.299 
0.006 
0.210 
0.237 
0.139 
0.221 
0.306 
0.197 
0.129 
Total hours 
observed 
112 64 64 
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Table 4.15 Seasonal variations in activities of little cormorant in noon hours during 
January 2001- March 2004. All values are expressed of time spent in minutes 
per hour engaged in that activity. 
Noon Hrs. (10-14) 
Activity 
Preening 
Foraging 
Loafing 
Resting 
Flying 
Sunbasking 
Siting Alert 
Bathing 
Defecation 
Winter Summer Monsoon 
Mean+SE Mean+SE Mean+SE F Value Probability 
4.86+0.49 3.30+0.37 4.95+0.35 
9.44+0.65 3.91+0.44 9.08+0.88 
6.30+0.44 3.47+0.58 4.70+0.55 
31.78+0.94 42.21+1.30 28.20+0.67 
2.46+0.25 2.91+0.36 3.50+0.43 
2.32+0.31 1.39+0.33 4.54+0.92 
1.32+0.26 1.08+0.25 2.20+0.42 
Wing Flapping 0.30±0.07 0.52±0.10 0.62±0.18 
0.22+0.05 0.39+0.12 0.41+0.16 
0.16+0.05 0.26+0.11 0.25+0.09 
Head Scratching 0.26±0.09 0.26±0.09 0.25±0.10 
Flying + Drive 0.34±0.008 0.47±0.15 0.66±0.18 
Flying+Chasing 0.14±0.05 0.17±0.10 0.16±0.13 
Total hours 
observed 
116 64 64 
2.842 
15.307 
7.689 
36.633 
2.499 
7.836 
2.745 
2.421 
1.223 
0.590 
0.003 
1.634 
0.047 
0.063 
0.000 
0.001 
0.000 
0.088 
0.001 
0.069 
.094 
0.299 
0.557 
0.997 
0.201 
0.954 
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Table 4.16 Seasonal variations in activities of little cormorant in afternoon hours during 
January 2001- March 2004. All values are expressed as time spent in minutes 
per hour engaged in that activity. 
Afternoon Hrs. (1400 -1800 Hrs) 
Activity 
Preening 
Foraging 
Loafing 
Resting 
Flying 
Sun basking 
Siting Alert 
Bathing 
Defecation 
Winter Summer Monsoon 
Mean+SE Mean+SE Mean+SE F Value Probability 
5.89+0.56 6.78+1.28 5.24±0.58 0.759 
9.97+0.42 6.00+1.02 10.52±0.77 
9.70+0.50 2.78+2.64 5.64+3.21 
19.17+0.48 34.43+1.14 24.48+0.43 128.915 
2.31+0.31 2.86+0.67 2.36+0.38 
7.19+0.69 1.34+0.65 5.20+0.98 
2.23+0.30 1.26+0.29 2.79+0.47 
Wing Flapping 0.54±0.08 0.60±0.12 0.84±0.12 
0.55+0.12 0.56+0.16 0.60+0.15 
0.60+0.09 0.52+0.10 0.44+0.10 
0.471 
10.986 
38.154 
0.430 
13.125 
3.318 
2.212 
0.027 
0.614 
0.000 
0.000 
0.000 
0.652 
0.000 
0.041 
0.115 
0.973 
0.543 
Head Scratching 0.46+0 09 0.52+0.10 0.44±0.10 0.614 0.543 
Flying + Drive 1.2310.19 0.86t0.21 1.20+0.22 0.724 0.488 
Flying+Chasing 0.14+0.07 0.13+0.07 0.04+0.04 0.593 0.555 
Total hours 
observed 
112 68 60 
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Table 4.17 Seasonal variations in activities of large cormorant in morning hours during 
January 2001- March 2004. All values are expressed as time spent in minutes 
per hour engaged in that activity. 
Morning Hrs. (6:00 -1000 Hrs) 
Activity 
Winter Summer Monsoon 
Mean+SE Mean+SE Mean+SE F Value Probability 
Preening 6.44 + 0.43 8.00 + 0.68 8.52+1.05 2.893 0.060 
Foraging 
Loafing 
Resting 
Flying 
Sunbasking 
Siting Alert 
Bathing 
Defecation 
24.63 + 0.61 12.30+1.70 18.16+179 26.644 
6.89 + 0.65 6.86+1.01 8.00 + 0.91 
7.38 + 0.45 25.39+1.73 15.32 + 0.85 96.464 
2.72 + 0.37 1.69 + 0.35 1.96 + 0.55 
6.02+0.85 1.60+10.49 6.36+1.41 
1.89 + 0.43 2.43 +0.54 1.04 + 0.50 
Wing Flapping 0.12 ±0.04 0.13 ±0.07 0.12 ±0.08 
0.19 + 0.07 0.17 + 0.12 0.00+0.00 
0.14+0.05 0.08 + 0.06 0.04 + 0.20 
Head Scratching 0.17 ±0.06 0.17 ±0.12 0.08 ±0.08 
Flying + Drive 0.46 ±0.16 0.30 ±0.21 0.48 ±0.20 
Flying+Chasing 0.21 ±0.09 0.26 ±0.18 0.00 ±0.00 
; .
0.543 
16.4  
1.652 
5.673 
1.574 
0.005 
1.431 
1.072 
0.359 
0.205 
1.338 
0.000 
0.583 
0.000 
0.197 
0.005 
0.213 
0.995 
0.244 
0.346 
0.700 
0.815 
0.267 
Total hours 
observed 
116 64 60 
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Table 4.18 Seasonal variations in activities of large cormorant in noon hours during 
January 2001- March 2004. All values are expressed as time spent in 
minutes per hour engaged in that activity. 
Noon Hrs. (10:00 - 14:00 Hrs) 
Activity 
Winter Summer Monsoon 
Mean+SE Mean+SE Mean+SE F Value Probability 
Preening 9.24 + 0.64 4.91 + 0.61 6.29 + 059 11.329 0.000 
Foraging 12.22 ±0.60 6.39 ±0.53 9.45 ±1.00 
Loafing 7.80 ±0.54 3.34 ±0.46 6.16 ±0.57 
Resting 23.74 ±1.05 37.00 ±1.04 26.04 ±0.67 
Flying 2.12 ±0.24 2.21 ±0.18 2.54 ±0.42 
Sunbasking 2.24 ±0.30 2.56 ±0.56 4.54 ±0.92 
Siting Alert 1.84 ±0.30 1.78 ±0.46 2.16 ±0.43 
Wing Flapping 0.30 ±0.07 0.34 ±0.10 0.45 ±0.13 
Bathing 
Defecation 
0.12 + 0.04 0.30 + 0.14 0.33 + 0.13 
0.14 ±0.04 0.26 ±0.11 0.20 ±0.08 
Head Scratching 0.26 ±0.08 0.34 ±0.13 0.20 ±0.10 
Flying + Drive 0.58 ±0.15 0.69 ±0.24 1.37 ±0.30 
Flying+Chasing 0.10 ±0.05 0.13 ±0.07 0.16 ±0.13 
16.095 
14.369 
37.805 
0.520 
4.850 
0.232 
0.644 
1.790 
0.706 
0.318 
3.543 
0.187 
0.000 
0.000 
0.000 
0.596 
0.010 
0.794 
0.527 
0.173 
0.496 
0.729 
0.033 
0.830 
Total hours 
observed 
112 64 64 
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Table 4.19 Seasonal variations in activity of large cormorant in afternoon hours during 
January 2001- March 2004. All values are expressed of time spent in minutes 
per hour engaged in that activity. 
Afternoon Hrs. (14:00 -18:00 Hrs) 
Activity 
Preening 
Foraging 
Loafing 
Resting 
Flying 
Sunbasking 
Siting Alert 
Wing Flapping 
Bathing 
Defecation 
Winter Summer Monsoon 
Mean+SE Mean+SE Mean+SE F Value Probability 
6.44 + 0.62 5.43 + 0.98 7.60 + 0.79 
12.63 + 0.67 8.21+0.99 10.52+1.08 
8.04 + 0.59 4.30 + 0.62 6.56 + 0.75 
17.14 + 0.41 32.34 + 0.98 23.32 + 0.40 172.410 
2.34 + 0.28 2.60 + 0.63 2.24 + 00.59 
8.27 + 0.78 1.39 + 0.67 4.96 + 0.09 
2.61+0.47 0.86 + 0.42 2.96 + 0.58 
0.27 + 0.07 0.39 + 0.10 0.24 + 0.10 
0.08 + 0.05 0.17 + 0.08 0.08 + 0.05 
0.17 + 0.05 0.34 + 0.10 0.16 + 00.07 
Head Scratching 0.46 ±0.11 0.52 ±0.13 0.52 ±0.15 
Flying + Drive 1.17 ±0.26 0.91 ±0.33 0.72 ±0.25 
Flying+Chasing 0.25 ±00.12 0.34 ±0.21 0.04 ±0.04 
Total hours 
observed 
112 68 60 
1.527 
6.455 
7.696 
0.136 
16.148 
3.654 
0.551 
0.611 
1.735 
0.059 
0.648 
1.002 
0.223 
0.002 
0.001 
0.000 
0.873 
0.000 
0.030 
0.578 
0.545 
0.182 
0.943 
0.526 
0.371 
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Table 4.20 Tukeys- Post hoc test for seasonal variations in activities of littie 
cormorant in morning hrs (06:00-10:00 hrs) during January 2001-
March 2004. All values are significant at .05 level. 
Activity 
Preening 
Preening 
Loafing 
Loafing 
Foraging 
Foraging 
Resting 
Resting 
Resting 
Sunbasking 
Season 
(I) 
Summer 
Summer 
Summer 
Monsoon 
Monsoon 
Summer 
Summer 
Summer 
Monsoon 
Summer 
Season 
(J) 
Monsoon 
Winter 
Monsoon 
Winter 
Winter 
Winter 
Monsoon 
Winter 
Winter 
Winter 
Mean Difference± SE 
(I-J) 
3.78 ±L23 
3.18±L08 
-5.49 ±L61 
6.77 ±L37 
-10.39 ±2.13 
-14.87 ±2.19 
9.86 ±1.35 
18.65±1.19 
8.79±1.15 
-5.85 ±1.78 
Probability 
0.008 
0.011 
0.003 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.004 
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Table 4.21 Tukey's Post hoc test for seasonal variations in activity of little 
cormorant in noon hrs (1000-1400 hrs) during January 2001- March 
2004. AH values are significant at .05 level. 
Activity 
Foraging 
Foraging 
Loafing 
Resting 
Resting 
Resting 
Sunbasicing 
Sunbasking 
Season 
(I) 
Summer 
Summer 
Summer 
Summer 
Summer 
Monsoon 
Summer 
Monsoon 
Season 
(J) 
Monsoon 
Winter 
Winter 
Monsoon 
Winter 
Winter 
Monsoon 
Winter 
Mean Difference± SE 
(I-J) 
-5.17±1.19 
-5.52 ±1.03 
-2.82 ±0.74 
-14.00 ±1.72 
10.43 ±1.49 
3.57 ±1.47 
-3.15 ±0.83 
-2.22 ± 0.70 
Probability 
0.000 
0.000 
0.001 
0.000 
0.000 
0.000 
0.001 
0.006 
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Table 4.22 Tukey's Post hoc test for seasonal variations in activities of little 
cormorant in afternoon hrs (1400-1800 hrs) during January 2001-
March 2004. All values are significant at .05 level. 
Activity 
Foraging 
Foraging 
Loafing 
Loafing 
Loafing 
Resting 
Resting 
Resting 
Sunbasking 
Sunbasking 
Sitting Alert 
Season 
(i) 
Summer 
Summer 
Summer 
Summer 
Monsoon 
Summer 
Summer 
Monsoon 
Summer 
Summer 
Summer 
Season 
(J) 
Monsoon 
Winter 
Monsoon 
Winter 
Winter 
Monsoon 
Winter 
Winter 
Monsoon 
Winter 
Monsoon 
Mean Difference± SE 
(I-J) 
-4.52 ±L08 
-3.97 ± 0.95 
-2.85 ±0.93 
-6.91 ±0.81 
-4.06 ± 0.79 
-9.95 ±1.08 
15.26 ±0.95 
5.30 ± 0.92 
-3.85 ± 0.29 
-5.84 ± 1.14 
-1.49 ±0.59 
Probability 
0.000 
0.000 
0.008 
0.000 
0.000 
0.000 
0.000 
0.000 
0.010 
0.000 
0.034 
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Table 4.23 Tukey's Post hoc test for seasonal variations in activity of large 
cormorant in morning hrs (06:00-10:00 hrs) during January 2001-
March 2004. All values are significant at .05 level. 
Activity 
Foraging 
Foraging 
Foraging 
Resting 
Resting 
Resting 
Sunbasking 
Sunbasking 
Season 
(I) 
Summer 
Monsoon 
Summer 
Summer 
Summer 
Monsoon 
Summer 
Summer 
Season 
(J) 
Monsoon 
Winter 
Winter 
Monsoon 
Winter 
Winter 
Monsoon 
Winter 
Mean Difference± SE 
(I-J) 
-5.85 ±1.96 
-6.47 ±1.61 
-12.33 ±1.72 
10.07 ±1.48 
18.00 ±1.30 
7.93 ±1.27 
-4.75 ±1.62 
-4.41 ±1.43 
Probability 
0.010 
0.001 
0.000 
0.000 
0.000 
0.000 
0.012 
0.008 
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Table 4.24 Tukey's Post hoc test for seasonal variations in activities of large 
cormorant in noon hrs (1000-1400 hrs) during January 2001- March 2004. 
All values are significant at .05 level. 
Activity 
Foraging 
Foraging 
Foraging 
Loafing 
Loafing 
Preening 
Preening 
Resting 
Resting 
Flying+ dive 
Sunbasking 
Season 
(I) 
Summer 
Summer 
Monsoon 
Summer 
Summer 
Summer 
Monsoon 
Summer 
Summer 
Monsoon 
Summer 
Season 
N (J) 
Monsoon 
Winter 
Winter 
Monsoon 
Winter 
Winter 
Winter 
Monsoon 
Winter 
Winter 
Monsoon 
Mean DifTerence± SE 
(1-J) 
-3.06 ±1.20 
-5.82 ± L04 
-2.76 ± 1.02 
-2.81 ±0.96 
-4.45 ± 0.83 
-4.32 ± 0.97 
-2.94 ± 0.96 
-10.95 ± 1.78 
I3.26± 1.54 
0.79 ±0.30 
2.30 ±0.75 
Probability 
0.034 
0.000 
0.023 
0.012 
0.000 
0.000 
0.008 
0.000 
0.000 
0.028 
0.008 
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Table 4.25 Tukey's Post hoc test for seasonal variations in activity of large 
cormorant in afternoon hrs (1400-1800 hrs) during January 2001-
March 2004.A1I values are significant at .05 level. 
Activity 
Foraging 
Loafing 
Resting 
Resting 
Sunbasking 
Sunbasking 
Sunbasking 
Sitting Alert 
Season 
(I) 
Summer 
Summer 
Summer 
Monsoon 
Summer 
Summer 
Monsoon 
Summer 
Season 
(J) 
Winter 
Monsoon 
Monsoon 
Winter 
Monsoon 
Winter 
Winter 
Monsoon 
Mean Differencedb SE 
(1-J) 
-4.42 ±1.24 
-3.73 ± 0.95 
-9.02 ± 0.93 
6.17 ±0.79 
-3.56 ±1.39 
-6.88 ±1.22 
-3.31 ±1.19 
-2.09 ± 0.84 
Probability 
0.002 
0.001 
0.000 
0.000 
0.032 
0.000 
0.018 
0.040 
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Table 4.26 A comparison of seasonal variations in activities of little and large cormorant 
in morning hours during January 2001- March 2004. by using Mann Whitney 
U test 
Activity 
Preening 
Foraging 
Loafing 
Resting 
Flying 
Sunbasking 
Siting Alert 
Wing 
Flapping 
Bathing 
Defecation 
Head 
Scratching 
Flying + 
Drive 
Flying 
+Chasing 
Winter 
Z Value 
-3.271 
-1.716 
2.383 
-4.296 
0.962 
-1.378 
-0.684 
-3.476 
-2.205 
-1.310 
-1.991 
-2.167 
-1.679 
Morning 1 
(n=228hrs) 
Probability 
0.001 
0.086 
0.017 
0.000 
0.336 
0.168 
0.494 
0.001 
0.027 
0.190 
0.046 
0.030 
0.093 
Hrs. (6:00 -
Summer 
Z Value 
-0.434 
-1.641 
-0.400 
-1.906 
-0.102 
-0.097 
-0.132 
-1.148 
-1.218 
-1.251 
-0.864 
-0.788 
-0.370 
10:00 Hrs.) 
•(n= 128 hrs) 
Probability 
0.665 
0.101 
0.689 
0.057 
0.919 
0.922 
0.895 
0.251 
0.223 
0.211 
0.388 
0.430 
0.712 
Monsoon (n= 124) 
Z Value 
-2.761 
-2.432 
-2.265 
3.368 
-0.933 
-0.577 
-1.043 
-1.492 
-1.429 
-0.590 
-1.324 
-0.237 
-1.423 
Probability 
0.006 
0.015 
0.023 
0.001 
0.351 
0.564 
0.297 
0.136 
0.153 
0.556 
0.185 
0.813 
0.153 
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Table 4.27 A comparison of seasonal variations in activity of little and large cormorant 
in noon hours during January 2001- March 2004 by Using Mann Whitney U 
test. 
Noon Hrs. (10:00 -14:00 Hrs.) 
Activity Winter (n= 228 hrs) Summer (n= 128 hrs) Monsoon (n= 128 hrs) 
Z Value Probability Z Value Probability Z Value Probability 
Preening -4.833 0.000 -1.679 0.093 -2.700 0.007 
Foraging -2.922 0.003 -2.820 0.005 -0.427 0.669 
Loafing -1.484 0.138 -0.257 0.797 -1.976 0.048 
Resting -4.868 0.000 -2.527 0.011 -2.897 0.004 
Flying -0.890 0.373 -1.128 0.260 -1.652 0.098 
Sunbasking -0.213 0.832 -1.201 0.230 0.000 1.000 
Siting Alert -0.865 0.387 -0.472 0.637 -0.106 0.916 
Wing 0.156 0.876 -1.177 0.239 -0.415 0.678 
Flapping 
Bathing -1.324 0.185 -0.909 0.364 -0.109 0.913 
Defecation -0.279 0.781 0.000 1.000 -0.340 0.734 
Head -0.026 0.979 -0.172 0.863 -0.349 0.727 
Scratching 
Flying + -0.562 0.574 -0.064 0.949 -1.643 O.KK) 
Drive 
Flying -0.649 0.516 -0.056 0.955 0.000 1.000 
+Chasing 
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Table 4.28 A comparison of seasonal variations in activities of little and large cormorant 
in afternoon hours during January 2001- March 2004. by using Mann 
Whitney U test. 
Activity 
Preening 
Foraging 
Loafing 
Resting 
Flying 
Sunbasking 
Siting Alert 
Wing 
Flapping 
Bathing 
Defecation 
Head 
Scratching 
Flving *-
Afternoon Hrs. (14:00 -
Winter (n= 224) 
Z Value 
-1.005 
-2.997 
1.467 
-2.930 
-0.239 
-1.158 
-0.254 
-2.427 
-3.213 
-3.558 
-0.774 
-0.975 
Probability 
0.315 
0.003 
0.142 
0.003 
0.811 
0.247 
0.799 
0.015 
0.001 
0.000 
0.439 
0.330 
-18:00 Hrs.) 
Summer (n= 136) 
Z Value 
-0.644 
-1.789 
-1.576 
-1.455 
-0.292 
-0.778 
-1.876 
-1.270 
-1.823 
-1.177 
-0.421 
-1.016 
Probability 
0.520 
0.074 
0.115 
0.146 
0.770 
0.436 
0.061 
0.204 
0.068 
0.239 
0.674 
0.310 
Monsoon (n= 120) 
Z Value 
-2.954 
-0.019 
-1.181 
-2.149 
-1.040 
-0.326 
-0.313 
-3.520 
-2.946 
-2.139 
-0.849 
-2.219 
Probability 
0.003 
0.984 
0.238 
0.032 
0.298 
0.744 
0.755 
0.000 
0.003 
0.032 
0.396 
0.026 
Dri\c 
Flying 
+Chasing 
0.078 0.938 -0.113 0.910 0.000 1.000 
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Fig. 4.1 Percentage day time spent on different activities by 
little cormorant in Sheikha jheel between January 
2001- March 2004 . 
Sunbasking 
Flying 3130/, 
4.17% 
Miscellaneous 
7.16% 
Preenin 
8.77% 
Loafing 
10.80% Foraging 
19.23% 
Resting 
41.74% 
Fig. 4.2 Percentage day time spent on different activities by large 
cormorant in Sheikha jheel between January 2001- March 2004 . 
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Fig. 4.3 Percentage day time spent on different activities by little 
cormorant in Sheikha jheel during winter 2001-2004. 
Miscellaneous 
Sunbasking 7.27% 
9.93% 
Flying 
3.86% 
Preening 
8.62% 
Loafing 
11.76% 
Resting 
34.55% 
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23.99% 
Fig. 4.4 Percentage day time spent on different activities by little 
cormorant in Sheikha jheel during summer 2001-2004. 
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Flying 2.93% 6.69% 
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10.33% 
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Fig. 4.5 Percentage day time spent on different activities by little 
cormorant in Sheikha jheel during monsoon 2001-2004. 
Miscellaneous 
Sunbasking 7.36% 
9.46% 
Flying 
Preening 
7.93% 
Loafing 
12.42% Foraging 
18.25% 
nesting 
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Fig. 4.6 Percentage day time spent on different activities by large 
cormorant in Sheikha jheei during winter 2001-2004. 
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Fig 4.7 Percentage day time spent on different activities by large 
cormorant in Sheikiia jheel during summer 2001-2004. 
Sunbasking Miscellaneous 
Ffying 3.12% 6.47% 
3.66% 
Preening 
10.30%^ 
Loafing 
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Fig.4.8 Percentage day time spent on different activities by large 
cormorant in Sheikha jheel during monsoon 2001-2004. 
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Fig. 4.9 Percentage day time spent on different activities by little 
cormorant in Sheikha jheel in morning hours (6-10 hrs) 
during 2001-2004. 
Fig. 4.10 Percentage day time spent on different activities by little 
cormorant in Sheikha jheel in noon hours (10-14 hrs) 
during 2001-2004. 
PK^p Sunbasking Miscellaneous 
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Fig. 4.11 Percentage day time spent on different activities by little 
cormorant in Sheikha jheel in afternoon hours (14-18 hrs) 
during 2001-2004. 
Flying 
4.12%. 
Preening 
9.94% 
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Sunbasking g ^2% 
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Fig. 4.12 Percentage day time spent on different activities by large 
cormorant in Sheikha jheel in morning hours (6-10 hrs) 
during 2001-2004. 
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Fig. 4.13 Percentage day time spent on different activities by large 
cormorant in Sheikha jheel in noon hours (10-14 hrs) 
during 2001- 2004. 
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Fig. 4.14 Percentage day time spent on different activities by large 
cormorant in Sheikha jheel in afternoon hours (14-18hrs) 
during 2001- 2004. 
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Fig. 4.15 Percentage day time spent on different activities by little 
cormorant in Sheikha jheel in morning hours (6-10 hrs) 
during winter 2001-2004. 
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Fig. 4.16 Percentage day time spent on different activities by little 
cormorant in Sheikha jheel in noon hours (10-14 hrs) 
during winter 2001-2004. 
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Fig. 4.17 Percentage day time spent on different activities by little 
cormorant in Sheikha jheel in afternoon hours (14-18 hrs) 
during winter 2001-2004. 
Miscellaneous 
Sunbasking 9.57% 
11.99% 
Flying 
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Preening 
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Loafing 
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Fig. 4.18 Percentage day time spent on different activities in 
Sheikha jheel by little cormorant in morning hours (6-10 hrs) 
during summer 2001-2004. 
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Fig. 4.19 Percentage day time spent on different activities by little 
cormorant in Sheikha jheel in noon hours (10-14 hrs) 
during summer 2001-2004. 
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Foragii^ 
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Fig. 4.20 Percentage day time spent on different activities by little 
cormorant in Sheikha jhccl in afternoon hours (14-18 hrs) during 
summer 2001-2004. 
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Fig. 4.21 Percentage day time spent on different activities by little 
cormorant in Sheikha jheel in morning hours (6-10 hrs) 
during monsoon 2001-2004. 
Sunbasking Miscellaneous 
12.00% 
I'rccning 
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Loafing 
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Fig. 4.22 Percentage day time spent on different activities by little 
cormorant in Sheikha jheel in noon hours (10-14 hrs) 
during monsoon 2001-2004. 
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Fig. 4.23 Percentage day time spent on different activities by little 
cormorant in afternoon hours (14-18 hrs) 
during monsoon 2001-2004. 
Miscellaneous 
Sunbasking 10.93% 
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Fig. 4.24 Percentage day time spent on different activities by large 
cormorant in Sheikha jheel in morning hours (6-10 hrs) 
during winter 2001-2004. 
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Fig. 4.25 Percentage day time spent on different activities by large 
cormorant in noon hours (10-14 hrs) during winter 2001-2004. 
Sunbasking Miscellaneous 
Flying 3 g^o/^  5.53% 
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Fig. 4.26 Percentage day time spent on different activities by large 
cormorant in Sheikha jheel in afternoon hours (14-18 hrs) 
during winter 2001-2004. 
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Fig. 4.27 Percentage day time spent on different activities by large 
cormorant in Sheikha jheel in morning hours (6-10 hrs) 
during summer 2001-2004. 
Sunbasking Miscellaneous 
Flying 2.71% 
2.85% 6.00% 
Preening 
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Loafing 
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Fig. 4.28 Percentage day time spent on different activities by large 
cormorant in Sheikha jheel in noon hours (10-14hrs) 
during summer 2001-2004. 
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Fig. 4.29 Percentage day time spent on different activities by large 
cormorant in Sheikha jheel in afternoon hours (14-18 hrs) 
during summer 2001-2004. 
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Fig. 4.30 Percentage day time spent on different activities by large 
cormorant in Sheikha jheel in morning hours (6-10 hrs) 
during monsoon 2001-2004. 
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Fig. 4.31 Percentage day time spent on different activities by large 
cormorant in Sheikha jheel in noon hours (10-14 hrs) 
during monsoon 2001-2004. 
Flying 
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Fig. 4.32 Percentage day time spent on different activities by large 
cormorant in Sheikha jheel in afternoon hours (14-18hrs) 
during monsoon 2001-2004. 
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CHAPTER-5 
FORAGING ECOLOGY 
5.1 Introduction 
Avian foraging strategies are tiie combination of the complex interactions among the 
bird's morphology, prey preference, foraging behaviour, habitat selection, prey 
availability and relationship with predators and competition (Morrison, 1982). Studies 
of Avian foraging behaviour traditionally have focused on niche partitioning and 
community structure and, hence have emphasized differences among species (e.g. 
Mac Arthur 1958, Holmes et. al. 1979b, Szaro and Balda 1979, Weins and 
Rotenberry 1981, Alatalo 1982). Species may be separated by one or more of several 
niche components, including plant species, substrate, height, horizontal position, 
foraging technique and foraging speed (reviewed in Airola and Barrett 1985, Martin 
1986, Schoener 1986). 
Species coexistence through resource partitioning is typical of natural systems 
(Willson I960, Root 1967, Holmes and Pitelka 1968, Schoener 1970, Brown and 
Lieberman 1973, Culver 1974, Kaufman 1974, Pianka 1974, Reinert 1984). Temporal 
and spatial partitioning could arise, through, and be maintained by aggression or by 
the avoidance of aggression. An aggressively dominant species could exclude 
aggressively subordinate species, forcing them into inferior habitats. Within habitats, 
aggression may disrupt normal foraging behaviour causing subordinate species to 
reallocate time that otherwise would be devoted to foraging. What is best for one 
species need not be best for another species (Kent 1986). 
Relationships between morphology and foraging ecology are well known in 
birds (e.g. Newton 1967, Hespenheide 1973, Ledererl975, Eckhardt 1979, Grant 
1986, Carrascal et al. 1990). Food limitation, both in abundance and in accessibility, 
strongly influences the evolution of morphological and behavioural traits (Weins 
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1989, Martin and Karr 1990). Morphological or physiological differences between 
species could result in different requirements, or in different prey catching abilities 
(Kear 1962, Pulliam and Enders 1971, Grant 1981). Under such conditions each 
species would have a different set of optimal resources. Natural selection could 
produce differences in habitat or prey selection, and energy intake rates should be 
comparable (Werner and Hall 1979). Food being major limiting factor, limited on a 
spatio- temporal scale, communities has often been structured on how food is 
partitioned and how different species occurring in an area differ in the way they 
exploit food. This in turn results in differential utilization of food by species in 
community (Javed 1996). 
Colonial waterbird has received much attention among avian biologists for 
several reasons: (1) by nesting and feeding in open habitats, they are easily observed, 
(2) in colonies, individual variation is often striking, in turn raising questions about 
niche theory (individual / population/ species specializations), resource partitioning. 
(3) the suggestion that colonies of birds can act as communication centers for finding 
food (Ward & Zhavi 1973), and, waterbirds often feed in mixed species assemblages 
(Sealy 1973, Kushlan 1976a, 1978a) inciting hypotheses about how behavioural 
differences interface with phylogeny and resource partitioning-competition (Ashmole 
&Ashmole 1967). 
Wading bird foraging ecology has also received much attention during past 2 
decades. Many studies have focused on parameters such as feeding rates and energy 
gain to estimate the efficiency of foraging for particular species (Hafner et (3/1982). 
Foraging success has been the subject of comparisons between adults and juveniles 
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(Recher and Recher 1969) or between individuals of same species in different 
wetlands (Hafner ci u/1982). Studies have been carried out on age related differences 
in foraging in many colonial waterbird species. These studies show that juveniles are 
less successful than adults at searching for and capturing prey but subsequently 
improve their capture success with age (Orlans 1969, Recher and Recher 1969). 
Foraging style of diving birds, that dive from surface of water and after 
spending some time under water, returns to the water surface to breathe is well known 
(e.g., Johnsgard 1965, Wallce and Mahan 1975, Ali and Ripley 1978, Lessells and 
Stephens 1983, Ydenberg 1986, Woakes and Butler 1986). A great deal of research 
has focused on the physiology of diving (e.g., Butler and Jones 1982), but 
comparatively little attention has been paid to the behavioural ecology of diving in 
birds. Two aspects of diving behaviour in birds have, however, received increased 
attention recently: Synchronicity; and the relationship between dive and pause 
duration. Diving behaviour of birds hold great fascination not only among 
ornithologists but also among naturalists and this can be summed up from a Scottish 
physician and naturalist J.M. Dewar's (1924) statement: "Among the problems 
surrounding the life of birds, none is more fascinating than the underwater activities 
of diving fowl". 
Since the pioneering work of Dewar (1924), researchers have sought to 
understand the foraging behaviour of diving birds by observing the part of dive 
activity that is visible at the surface (Carins 1992). Divers make repeated foraging 
excursions from the surface to which they must return to breathe, though some 
distance away from where they dive (Ydenberg 1986). Thus a typical dive cycle in 
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these birds includes underwater time, during which individuals travel to the foraging 
area, search for food, and return to the surface, and surface time (post- dive pause 
which is spent on the surface) between successive foraging episodes. 
The ratio of dive to pause times (D/P) of individuals has been used to describe 
birds physiological diving capabilities (e.g. Dewar 1924, Dow 1964). Feeding-dive 
times may be influenced by the availability and (or) accessibility of food to diving 
birds (Fjeldsa 1973). Recent applications of optimatity theory, in which the water 
surface is viewed as a "central place" (Orians and Pearson 1979) from which animal 
venture forth to feed, provide a theoretical framework for the study of diving 
behaviour (Kramer 1988, Ydenberg 1988, Burger 1991). These models predicts that 
postdive pauses lengthen with increasing dive times and that dive times increase with 
depth of foraging zone. 
Cormorants as a family are relatively limited in how they can forage (Duffy 
1995). They have been reported feeding by plunge diving (Duffy et al. 1986). 
Cormorants may locate a suitable feeding area from the air, while flying, using the 
presence of fish (Vogt 1942, Barlow and Bock 1984), prior knowledge, or other 
foraging clues (Duffy 1987). They spend a great deal of time searching for prey 
(flight to foraging site than diving) relative to actual feeding which may take less than 
a second for small fish. Since very less work has been done on the foraging ecology 
of cormorants, I selected this aspect as an important component of my study with the 
objective to ascertain whether there was any ecological isolation between two 
sympatric cogencric species. 
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5.2 Methodology 
To determine the foraging ecology "Focal Animal Sampling" (Altman 1974) was 
done. In this method one individual is the focus of observation during a particular 
sample period (Lehner 1979). This sampling was carried out thrice a week, on 
alternate days. As given in the previous chapter the hours of the day were divided into 
three four- hourly shifts: 6 to 10, 10 to 14 and 14 to 18 hrs, and observations were 
made on alternate shifts. Focal individuals were observed and data was collected on 
following parameters viz. starting and ending time of foraging, number of dives, 
duration of their sequential dives and surface pause after re-emergence (using a stop-
watch), foraging behaviour, water depth, habitat type and mode of food capture 
(tactile/ visual). Observations began immediately I encountered an individual 
foraging in the area. This continued until the focal bird ceased feeding or left the area. 
Data for foraging behaviour was collected from October 2000 to March 2004 in all 
three seasons. 
Foraging session was defined as the amount of time spent actively hunting and 
feeding in one bout i.e., the time when a cormorant begins diving until diving has 
ceased for more than one minute (King et al 1995 .^ A dive cycle is defined as a dive 
and the surface interval (pause) which follows it (Ydenberg 1988). Foraging dive 
times were measured as follows: a foraging dive is considered as the interval between 
submergence and emergence; a pause is the interval between emergence and 
submergence. Dives that did or did not result in prey capture was not distinguished 
(Sealy 1985). In this study on few occasions, the bird under observation during a dive 
cycle, particularly during emergence at surface, got disturbed by one way or the other 
thus either lengthening the post dive pause or forcing bird to dive. All such 
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observations were deleted from the data. Foraging behaviour/ technique used by two 
species was defined as Plunge diving (underwater paddling), Swimming and Wing 
Flapping. Observations on foraging techniques were based on the number of focal 
birds of each species using the various behaviours during the study period. This 
allowed a calculation of the proportion of time each species spent using the different 
behaviours. 
Distance from shore was grouped into four categories: 0-50 cm, 51-100 cm, 
101-150 cm and > 150 cm. Mean depth was measured using the method already 
discussed in chapter three. To compare the post dive pause time to its preceding dive 
length time, all the observations were grouped that were made under similar dive 
length time (in seconds). To analyse any correlation between dive length and post-
dive pause, statistical method of Karl Pearson's co-efficient of correlation was 
applied to the data. Chi-square contingency analysis (Goodness of Fit Test) was 
performed to test the significance of association between species and a behaviour, 
depth, distance from shore, different hours of the day and seasons for foraging. A 
comparison was made of the frequency each species used a behaviour, depth, distance 
from shore, different hours of the day and seasons for foraging with Chi- square. 
Levin's (1968) diversity index B= 1/Xpith2 where pi is the proportion of a 
behaviour or resource of an ith species, was used to estimate the extent of behaviour 
and resource use. We used simplified Morisita Index (C A Horn's 1966) to determine 
the degree of overlap for resource use between species in various categories of habitat 
and foraging matrix (behaviour, dive- pause relations, dive durations, % foraging at 
different distances from shore, % foraging at different times of day -shifts): 
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ex =2XPij Pik / ZPij^ + IPik^where Pij and Pik represent the proportion of variable 
type i of the bird species j and k respectively. 
Simplified Morisita Index uses percentage value and is almost identical to the 
original Morisita index. A value of 1 indicates complete overlap and Zero an absence 
of overlap. One way ANOVA (F-Test ) was used to compare the little and large 
cormorants foraging time in different years. All statistical analyses were performed 
using SPSS 7.5 statistical package. 
5.3 Results 
During the study period it was found that little and large cormorant forage by plunge 
diving. We observed that once they start foraging they keep on searching the prey 
underwater and lunge at them with their beaks. Once they finished foraging it was 
observed that they need clear runaway for take -off After that they mostly perched on 
the tree or sat on the ground to dry their feathers. Three types of foraging behaviours 
were identified between the two species. Plunge Diving /Underwater paddling-
Bird dove into the water, submerging at least their head. Swimming (Pauses)- Bird 
was seen on the surface of water after each dive. Wing Flapping/Fluttering- Bird 
was seen beating or shaking wings while foraging. Table 5.1 shows I'oraging 
behaviour (% total observation time) of little and large cormorant. Both the species 
used different foraging behaviours with different frequencies. A significant 
association was found between two cormorant species and foraging behaviour (X^= 
24.91, P<0.001, d.f 2). Large cormorant were associated with plunge diving while 
little cormorant with swimming and wing flapping. Frequencies of use of different 
foraging behaviours by little cormorant (X^= 59.06, P<0.001, d.f 2) and large 
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cormorant (X^= 117.42, P<0.001, d.t". 2) differed signitlcantiy. Little cormorant spend 
more time on surface of water as compared to large cormorant which spent more time 
in underwater paddling. 
Both the species were found foraging alone and sometimes in groups. 98 
flocks of little cormorant and 50 flocks of large cormorant were encountered during 
the study period. While foraging 1 found little cormorant mostly in ones and twos. 1 
found them rarely in flocks of 8 or 10. In large cormorant mostly a flock of 3 birds 
was seen foraging (Fig 5.1). In little cormorant mean size of feeding flocks was 1.8. 
In large cormorant mean size of feeding flocks were 2.2. Although it appears that the 
mean flock size for large cormorant is much larger than that of little cormorant but 
the association was not significant (X^=2.87, P>0.05, d.f. 2). I observed that when 
they were foraging in group they swim in a line. They all together put their head 
inside water to search fish and come out together. It was also observed that both little 
and large cormorant are not very sensitive to disturbance. Whenever there was any 
disturbance (e.g. if a fisherman was fishing in the area) they started feeding elsewhere 
until the disturbance disappeared. 
It was found that both the sympatric species utilize water depth categories 
ranging from 13 cm to > 150 cm for foraging. Dives of these two species (n= 490 
sightings for little cormorant n= 423 sightings for large cormorant) was recorded in 
these water depths. Dive time showed positive correlation with water depth in large 
cormorant (r = 0.979 highly significant at .01 level) (Fig 5.2). In little cormorant also 
dive time was found to be positively correlated with water depth (r = 0.967 highly 
significant at .01 level) (Fig 5.3). Statistical results show no significant association 
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between two cormorant species and proportions of feeding birds at different distances 
from shore (X^=1.58, P>0.05, d.f 3). The proportion of feeding birds in little 
cormorant (n= 441 sightings) was highest at a distance 0-50m from shore while most 
of the foraging in large cormorant (n= 376 sightings) was observed at >l50m distance 
from shore (Fig 5.4). No significant difference was found in the proportion of 
occurrence of little cormorant (X^= 7.2, P>0.05, d.f. 3) and large cormorant (X^= 
5.83, P>0.05, d.f. 3) in different categories of distances from shore. 
No significant association existed between two cormorant species and 
proportions of foraging birds at different hours of the day (X^=1.02, P>0.05, d.f 2). 
Significant differences within species were found in the frequencies of foraging at 
different times of day (n= 441 sightings for little cormorant and 376 sightings for 
large cormorant). In both little cormorant (X^= 42.89, P<0.001, d.f 2) and large 
cormorant (X^= 64.5, P<0.001, d.f 2) highest foraging was observed in morning 
hours. Proportions of feeding for both the species were higher in afternoon than in the 
noon (Fig 5.5). Statistical results show that there was no significant association 
between the percent foraging of two cormorant species in different seasons during the 
study period (X^=1.188, P>0.05, d.f. 2). However, in both little cormorant (X^=11.41, 
P<0.01, d.f 2) and large cormorant (X^= 6.73, P<0.05, d.f 2) maximum proportions 
of birds foraging were encountered in winter season while minimum in summer 
season (Fig 5.6). 
Highly significant association was found between two cormorant species and 
pause- dive time (X^= 19.86, P<O.OI, d.f 1). Little cormorant (X^=1.49, P>0.05, d.f 
1) shows more increase in pause time with increase in dive time than in large 
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cormorant (X^=29.77, P<0.001, d.f. 1). Fig 5.7 summarizes comparative data on dive 
length and post dive pause relationship in two species (n= 490 sightings for little 
cormorant n= 423 sightings for large cormorant). A positive relationship was found 
between dive length and pause length in both the species i.e. r = 0.865 in little 
cormorant and r = 0.820 in large cormorant, both of which are significant at 0.01 level 
(Fig 5.8 & 5.9). 
Highly significant association existed in dive duration and two cormorant 
species (X^=l 12.25, P<0.01, d.f. 5). When I compared the proportions of sympatric 
species showing dive length above 15 seconds it was found 92.5% of large cormorant 
had dive length more than 15 seconds (Fig 5.10) whereas only 22.21% of little 
cormorant were recorded having dive duration of more than 15 seconds (Fig 5.11). 
Significant differences was found in the frequencies of occurrence little (X^= 124.31, 
P<0.001, d.f. 5) and large (X^= 68.96, P<0.001, d.f. 5) cormorant in different dive 
duration categories. Time spent underwater per foraging session by large cormorant 
was comparatively high (7.26min ± 1.0 S.E) than by little Cormorant (3.54 ± 0.7 
S.E.). Little Cormorant had a mean dive time of 11.9 sec ± 0.1 S.E. while large 
cormorant was 19.8 sec ± 0.9 S.E. (Table 5.2). 
The diversity measurements for niche breadths were highest for foraging by 
two sympatric species at different distances from shore. Little cormorant was found to 
use wider range of behaviours, dive durations and pause- dive relations than did large 
cormorant indicating that large cormorant has a narrow niche breadth for these 
variables as compared to little cormorant. There was no difference in the degree of 
use of different seasons and different hours of day for foraging and dive duration of 
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two sympatric species (Table 5.3). Niche indices show considerable overlap for 
foraging behaviour, pause- dive relations, distance from shore, % foraging in different 
seasons and different hours of the day (Table 5.4). There was smallest overlap in dive 
duration. The average overall overlap value for these variables for the species pair is 
shown in Table 5.4. 
5.4 Discussion 
The results of the study reveal that two species were ecologically isolated. The 
differences in preferred depth by the two species, body size, bill size and the food 
items are suggested to be important factors permitting coexistence. Both the species 
show various degree of overlap in behaviour, depth use, pause- dive relations, % 
foraging at different distances from shore and at different hours of the day. 
Behaviour is commonly considered to be one mechanism of resource 
partitioning (Meyerriecks 1962, Jenni 1969, Willard 1977, Recher and Recher 1980). 
It was found that plunge diving was the foraging technique in both the species and 
they used different foraging behaviours with different frequencies. This means that 
species did not segregate in an absolute way, but rather in the frequency with which 
they used the various foraging behaviour. The birds differed with respect to the 
percent of foraging time spent underwater and on surface of water. While foraging 
large cormorant spends high proportion of time underwater but the little cormorant 
spends most of time on surface of the water. This differentiation in proportion of time 
probably helped the two species in partitioning the resource between them and 
allowing them to coexist. As already discussed in chapter 3, during foraging when on 
surface of water, flapping of wings was a common activity in little cormorant. They 
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splash water into their plumage by flapping wings. This helps them to waterlogged 
their feathers which makes diving to depths considerably easier (Burton 1941). 
Group foraging is clearly an important component (John Anderson 1991). 
Large cormorant has some preference for prey type i.e. it feeds exclusively on fish. 
Foraging in larger group may help large cormorant to increase its capture rate. This 
could be the reason why during study period it was mostly seen feeding in a flock. 
Gotmark et. al (1986) showed, under experimental conditions, that Black headed gull 
Lams ridibundus feeding on fish schools double their capture rate when in a flock of 
six birds compared to feeding alone. According to Burton 1941 the cormorants 
benefit from charging together at a shoal of fish because a fish avoiding one 
cormorant will be snapped by another. 
Depth clearly is an important component of foraging for both the species. 
These species appeared to separate their foraging zones by depth as already discussed 
in chapter 3. Large Cormorant was observed foraging in deeper water as compared to 
little cormorant. Distance from shore and different times of the day are also important 
aspects of foraging. Although no significant association was found between species 
and distance, there was high overlapping in the feeding distance of two species. The 
presence of both species at a particular distance does not necessarily mean 
competition is occurring, since species may use different foraging depth and 
behaviour. Trends in daily foraging schedules also appeared similar between these 
species. Though there was no significant association, considerable overlapping in 
foraging at different limes of the day was recorded. In both the species intense 
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foraging was observed in morning hours, whereas during noon this activity slowed 
and they were mostly found resting. 
Dive length and Pause length show positive correlation in both the species. 
Similar to our observation, positive relationship between dive and pause duration has 
also been found out by Forbes (1985) in Western Grebe Aecmophorous occidentalis 
and by Stonehouse (1967) in cormorants Phalacrocorax melanoleucos and P. carbo. 
Dewar (1924) has also shown positive relationship with significant increase in pause 
time with dive time in diving ducks and other divers (including loons, grebes, 
cormorants and auks). 
Of the two species, the little cormorant showed more increase in pause time 
with increase in dive time than in large cormorant. Ihis difference can be related to 
the differences in diet of two species. It is well documented by Ali and Ripley (1978) 
that large cormorant feeds almost exclusively on fish, while little cormorant too feeds 
mainly on fish, to a lesser extent it also feeds on tadpoles, frogs and crustaceans. As 
already mentioned in chapter 3, the large cormorant and the little cormorant differ in 
their bill morphologies. This difference in the bill size of these species also supports 
the difference in diet of two species. In shorebirds, the importance of bill morphology 
with regard to prey handling (Swennen et.al. 1983) and diet (Strauch and Abele 1979, 
Lifjeld 1984) also has been recognized. Ydenberg (1988) suggested that differences 
in dive- pause relations may be related to diet. Large cormorant has short pauses as 
compared to little cormorant. It has to spend much time under water searching for 
prey as it feeds exclusively on fish. Short pauses are advantageous because prey may 
escape between successive dives (Ydenberg 1986). These differences in diet and 
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morphology of two species account for the partitioning of resource between the two 
species. 
Highly significant association and very little overlapping in dive duration 
were found between two cormorant species. Both species were associated with 
different dive lengths. It was observed that on an average large cormorant go for 
longer duration of dives. The difference in dive duration is also influenced by diet 
difference in the two species and also by foraging decisions (Stephens and Krebs 
1986) made while under water, namely which prey to eat and which to neglect or how 
many prey to capture and how long to continue a search before surfacing. This 
difference in dive duration is thus the consequence of diet difference and appears to 
be the indirect partitioning mechanism between two sympatric species. Houston and 
Mc Namara (1985) concluded that, for diving bird, the decision policy, for accepting 
and rejecting prey items, is in favour of that which maximizes the rate of energy gain 
which makes a bird less selective as the dive progresses, because rejection becomes 
more and more costly. Large cormorant is larger in size as compared to little 
cormorant. This could also be a reason for difference in the dive duration between 
two species. This is supported by the fact that dive durations increase with body mass 
within auks (Wanless et al. 1988) and cormorants (Cooper 1986). 
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Table 5.1 Foraging behavior (% total observation time) of little and large cormorant 
during October 2000- March 2004. 
Behavior 
Swimming (surface interval) 
Plunge Diving (Underwater Paddling) 
Wing Flapping 
Little Cormorant 
(n= 149.6 hrs) 
42.95 
42.12 
14.92 
Large Cormorant 
(n= 178.4 hrs) 
16.53 
76.73 
6.73 
135 
Table 5.2 Foraging/Diving ratio parameter of cormorant species during October 
2000- March 2004. 
Foraging/Diving rates Little Cormorant Large Cormorant 
(n = 149.6 hrs) (n = 178.4 hrs) 
lean 
18.00 
2.00 
11.09 
10.00 
3.54 
SE 
2.0 
0.3 
0.1 
0.1 
0.7 
Mean 
22.00 
2.32 
19.08 
9.45 
7.26 
SE 
3.6 
0.4 
0.9 
0.1 
1.0 
Dives/foraging Session 
Dives/minute 
Seconds/dive 
Foraging minutes/Foraging session 
Underwater minutes/Foraging session 
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Table 5.3 Levins measure of niche breadth (B) of behavior and resources by little 
and large cormorant during October 2000- March 2004. 
Behavior 
%Foraging Depth 
%Foraging Distance from shore 
%Foraging time of the day (Shifts) 
%Foraging different Seasons (2001 
Pause- Dive relations 
Dive Duration 
Little Cormorant 
2.16 
3.75 
3.78 
2.09 
-2003) 2.69 
2.69 
1.95 
Large Cormorant 
1.61 
3.57 
3.83 
1.16 
2.81 
3.59 
1.56 
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Table 5.4 Morisita's Index of Resource overlap (C )^ of little and large cormorant 
during October 2000- March 2004. 
Little Cormorant- Large Cormorant 
Behavior 
%Foraging distance from shore 
%Foraging time of the day (Shifts) 
%Foraging different Seasons 
Pause- Dive relations 
Dive Duration 
Overall Mean Overlap 
0.802 
0.895 
0.857 
0.988 
0.791 
0.363 
0.782 
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Fig. 5.2 Large cormorant dive durations in relation to 
water depth during October 2000- March 2004. 
3oor 
Fig. 5.3 Little cormorant dive durations in relation to water depth 
during October 2000- March 2004. 
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Fig. 5.4 Proportions of little (LIC) and large (LAC) cormorant 
foraging at different distance from shoreline during 
October 2000- March 2004. 
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Fig 5.6 Proportions of little (LIQ and large (LAQcormorant 
foraging in different seasons during October 2000-March 2004. 
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Fig 5.8 Relationship of dive pause length (seconds) to its 
preceding dive length (seconds) in large cormorant 
during October 2000- March 2004. 
Dive Length 
Fig. 5.9 Relationship of dive pause length(seconds) to its 
preceding dive length (seconds) in Little Cormorant 
during October 2000- March 2004. 
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Fig. 5.10 Percentage distribution of dive duration 
(seconds) in large cormorant during 
October 2000- March 2004 . 
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CHAPTER 6 
ROOSTING ECOLOGY 
6.1 Introduction 
Communal roosting and the activities associated with it has been a popular subject 
studied in a number of avian species (Wynne Edwards 1962, Braestrup 1963, 
Siegfried 1971, Ward & Zahvai 1973, Gadgil and AH 1975, Gyllin and Kallander 
1976, Khera and Kalsi 1986). Communal roosting in large aggregations have 
attracted considerable recent attention (e.g. Allen and young 1982, Brown 1987, 
Caccamise 1993). The study of behavior of birds at roosts is of interest with regard to 
the function of communal roosting (Zahavi 1971; Ward and Zahavi 1973). Communal 
roosting is reported in a wide range of avian species (e.g. parrots, wagtails, waders, 
geese, finches, crows, ravens, falcons/ kestrels, vultures) and has usually been related 
to food finding. It has also been shown that species that rely on patchy and localized 
food sources are often most likely to roost communally (Ward and Zahavi 1973). 
More recent quantitative studies have also demonstrated that communal roosting is 
related to food finding (Morrision and Caccamise 1985). 
Many possible advantages have been proposed to explain the phenomenon of 
communal roosting- they might serve as i) information -centres to determine the 
location of food sources thus increasing foraging efficiency, ii) an anti-predatory 
strategy where there is safety in numbers, and or iii) a thermoregulatory mechanism 
to conserve heat. The most widely cited of which is the information -center 
hypothesis (Ward and Zahavi 1973). They suggested that roosts (and colonies) 
function as information centers, sites where unsuccessful foragers can learn the 
whereabouts of food patches by following successful roost mates to food patches the 
successful birds located earlier. 
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Zahavi (1971) states that when food supply becomes uneven and declines, 
birds forni larger con\n\unal roosts. Flock sizes of niany birds show great flexibility 
depending on food distribution and availability (Heinrich 1988, Heinrich and 
Marzluff 1991, Brown 1986, 1988, Brown et. al. 1991). It has also been suggested 
that all birds in a roost do not have equal food finding capabilities, and while 
subordinate birds parasitize on the dominant birds superior food finding capabilities, 
the dominant birds tolerate this, because their status gives them access to central or 
higher perches in the roost that buffer them from predation (Prior & Weatherhead 
1991a). Foraging efficiency can also be increased through local enhancement (Hinde 
1961) or use of alternative diurnal roosts (Caccamise and Morrision 1986, 1988). 
Gadgil and Ali (1975), Feare (1976) and Greig- Smith (1982) have also supported 
theory of information transfer. According to Crook (1965), it is not necessary that 
communal roosting have one single advantage, while Horn (1968) suggested that 
additional advantages could have come into play later, even if communal roosting 
evolved initially for one primary reason. Another suggested non- foraging benefit of 
communal roosting is kin selection benefits. For instance, vultures sharing roosts are 
often closely related and aggressive interactions between vultures seem to be 
negatively correlated with relatedness (Rabenold 1986). 
Gadgil and Ali (1975) attempted to explain that the communal roosting habits 
of Indian birds based on existing hypotheses which include reduced heat loss, 
information sharing, assessment of population and reduced risk of predation. 
Counsilman (1974) and various other workers suggested that communal roosts 
undeniably minimize the loss of heat on cold nights. Gadgil and Ali (1975) rejected 
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the hypothesis of heat conservation on two grounds: i) Communal roosts should be 
commoner amongst the birds of higher latitudes and altitudes but such is not the case, 
and ii) the ambient temperature is unlikely to produce vital changes under Indian 
conditions, especially in southern India. 
Wynne- Edwards (1962) hypothesized that communal roosting enables the 
birds to assess population density, which is then adjusted to the prevailing level of 
food supply through emigration or adjustment of reproductive rate. However, many 
workers have raised objections to this hypothesis, indicating that it is inconsistent 
with the principles of natural selection. Wynne- Edwards (1962) further states that 
species of dissimilar feeding habits associate in mixed roosting only in rare cases. 
Gadgil and Ali (1975) while rejecting the hypothesis pointed out that their data does 
not support the hypothesis as well. The phenomenon of mixed roosting also posses 
'difficulties, as an associate species is more likely to be of dissimilar rather than of 
similar feeding habits. 
It is inferred that communal roosting enables birds to reduce the risk of 
predation and serves an anti predatory function (Zahavi 1971, Gadgil 1972, 
Counsilman 1974, Gadgil & Ali 1975, and Khcra & Kaisi 1986). However, Ward & 
Zahavi (1973) have suggested that communal roosting positively increases the 
susceptibility to predators and that the information exchange is the only function of 
communal roost. Gadgil 1972 has stated that the phenomenon of mixed roosting 
strongly supports the notion of antipredatory function. Gadgil & Ali 1975 have 
indicated that it is more likely that different species of birds roost communally for 
predator avoidance and pool this advantage by forming mixed roosts of numerical 
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strength. Braestrup (1963) has quoted that the chief survival value of communal roost 
consists in reduced mortality during night. This does not necessarily mean that 
communal roost have no social significance. Tast & Rassi (1973) while supporting 
the above statement indicated that roosting behavior probably functions to 
synchronize various activities. Gyllin & Kallander (1976) have also mentioned that 
besides the antipredatory function, synchronizing social behavior may also be 
important. 
In majority of cases of communal roosting the birds associate together 
through social attraction and do not disperse even if alternating roosting sites are 
available. Some of these social groups merely comprise feeding or migratory flocks 
which remain together outside roosting time as well. There are number of bird species 
which voluntarily form new social groups specifically at the time of roosting (Gadgil 
«fe Ali 1975). Although a number of accounts of Indian birds make incidental 
references to the roosting habits, no systematic account of the phenomenon has yet 
been presented except Yahya 1980. As far as the cormorants roosting behavior is 
concerned only a few short studies or observations had been made on the roosting 
ecology of cormorants. Keeping this gap in mind the roosting aspect was selected 
during the present study. We aspired to know that if roosting is an indirect means of 
ecological isolation between the two sympatric species the large and little cormorant. 
It has also been attempted to find out characteristics of their roost sites and roosting 
behavior vis-^-vis to identify important ecological correlates of communal roosting. 
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6.2 Methodology 
Roosting pattern of two sympatric species of cormorants were studied for 192 days 
during January 2001 to March 2004 mainly at Sheikha village. During initial 
reconnaissance survey in the intensive study area both direct and indirect methods 
were used to locate roosting site and to identify roost trees. The direct method 
involved walking along the study area during late evening or early morning, to 
observe the roosting birds and locate the trees. At times local people also provided 
information on traditional roosting areas. Indirect method involved searching for 
droppings and feathers of birds below potential roost trees to identify actual roost 
trees and later verified the species. 
When a roost tree was located, habitat type, tree species, tree height, GBH, 
distance from water body, nearest human habitation, percent canopy cover and type 
of canopy used were recorded. Ground cover at roosting site was also recorded. The 
same data were collected on the ten nearest trees from the roost tree to get 
information on unused trees. Canopy cover and ground cover was quantified using 
the same method as discussed in chapter 3. In this manner, characteristics of used and 
unused trees were determined. This was done to calculate the characteristics of trees 
preferred for roosting by the two species. The roosting site was visited thrice a week, 
half an hour before sunrise and one hour before sunset to record the roosting schedule 
of the birds. Counts at communal roost were usually made at 1600 hrs to 1800 hrs in 
evening and in morning from 4.30 till 7.30 AM. At roost sites various pre- and post-
roosting activities were recorded. The common activities were preening, flying, wing 
fluttering, hopping and hovering. Monitoring was done by counting the number of 
birds as they arrived and left the roosting site. An encounter with a flock or an 
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individual of little and large cormorants was recorded as one sighting. Arrival and 
departure times were recorded to the nearest minute. We started recording the data as 
soon as we encountered first arrival and first departure. This data was used to obtain 
the emerging and settling time of two species. Roosting hours were also calculated 
using this data set. 
Flocks were defined as birds moving in the same direction and flying within 2 
m of the nearest conspecific. Number of birds in each flock was counted. This was 
used for calculating the flock size of both the species. Beside this we also recorded 
climatic conditions, direction of arrival and departure, behavior of the bird, 
interaction with other birds, arrival and departure of other birds on roost and other 
activities at roosting site. These observations were made from the vantage points 
located near roost site. 
Karl Pearson's co-efficient of correlation was applied to analyze any 
correlation between the emerging and settling time to sunrise and sunset time 
respectively. To compare the emergence time, settling time and roosting hours 
between two species Mann Whitney U test was applied. This test was also applied to 
see differences in vegetation characteristics between used and unused trees. One way 
ANOVA (F-Test) was used to compare differences in emergence and settling time 
and roosting hours within species. Post hoc test for "Tukey" was also performed for 
multiple comparisons. These comparisons have been done for different seasons 
(winter 2001-2004), summer (2001-2003), monsoon (2001-2003) and for different 
years (2001, 2002, 2003). Data was pooled for all the years (2001-2004) to monitor if 
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any difference occurred on yearly basis through out the study period. All statistical 
analyses were performed using SPSS 7.5 statistical package. 
6.3 Results 
The cormorants under this study roosted in close proximity with human settlement. 
Little and large cormorants invariably formed mixed communal roost in company 
with Cattle Egret ( Bubulcus ibis), Little Egret {Egretta garzetta). Median Egret 
{Egretta intermedia). White Ibis {Threskiornis aethiopica). Glossy Ibis {Plegadis 
falcinellus). Common Myna {Acridtheris tristis), Pied Myna (Strunus contra). House 
crow (Corvus splendens), Rose ringed parakeet {Psittacula b-a/wer/),Yellow legged 
green pigeon (Treronphoenicoptera) and Grey hornbill {Tockus birostris). 
In the study area little cormorants (n= 1152 sightings) and large cormorants 
(n= 652 sightings) were found roosting on tall trees of different species at a height 
ranging 15 m to 25 m. They preferred to roost on trees having larger girth and dense 
canopy cover (Fig. 6.1). Both the species mainly acquired upper and middle canopy 
(Fig. 6.2). In the study area they were mostly found occupying Banyan (Ficus 
bengalensis) trees and Peepal {Ficus religiosa) trees for roosting. The other trees 
occupied by cormorants for roosting were Gular (Ficus glomerulata), Neem 
{Azadirachta indica), and Prosopis julijlora. The structural characteristics of trees 
used for r(H>siing by both the species of cormorants and adjoining unused trees are 
given in I able 6.1. 
B> comparing data on vegetation characteristic of used and unused trees, it 
was found that there was significant difference in tree height of used and unused trees 
at the roost site (Mann Whitney Z= -3.279, P< 0.001, n= 68) while difference was 
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also significant in tiie GBH of used and unused trees (Z= -2.041, P< 0.041, n= 68). 
Statistical analysis showed that there was also significant difference in canopy cover 
of used and unused trees (Z= -2.220, P< 0.028, n= 68). At roosting site ground cover 
recorded in different categories was 55 % bare ground, 10% grass cover and 35 % 
miscellaneous. 
It was observed that cormorants start emerging late as compared to other 
species on roost especially egrets. They became active and started their daily 
activities a little before sunrise. Little cormorants started vacating the roost about 15 
to 21 min before sunrise while large cormorants left the roost about 10 to 15 min 
before sunrise. In both the species most of the members left the roost before sunrise. 
Both the species left the roost in a particular direction one by one or in pairs or in the 
various group sizes. After spending the day time in the feeding arena in various 
activities, they started returning to the roost site from different directions in the 
various group sizes around sunset. It was observed that within 15 to 20 min after the 
first arrival, a large number of cormorants would reach the site. 154 flocks of little 
cormorants and 133 flocks of large cormorants were encountered during the whole 
study. When moving in flock, mostly I saw them in a flock size of three. I rarely 
encountered a flock having more than ten individuals (Fig.6.3). 
Emergence and settling time showed significant positive correlation with 
sunrise and sunset in liillc cormorant and in large cormorant in year 2001, 2002 and 
2003. Results are given in fig 6.4, 6.5. 6.6, 6.7, 6.8, 6.9, 6.10, 6.11, 6.12, 6.13, 6.14, 
6.15, 6.16 & 6.17 and table 6.2. When pooled data 2001-2004 was analyzed in both 
the species positive correlation was also found between emergence time and settling 
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time in relation to sunrise and sunset (For little cormorant emergence time: r= 0.949, 
n= 96 and settling time: r= 0.953, n= 96 for large cormorant emergence time: r= 
0.964, n= 96 and settling time: r= 0.960, n= 96 significant at 0.01 level) (Fig 6.16, 
6.17, 6.18 & 6.19). It was observed that the time of settling and emerging varied in 
accordance with different months. In month of November, December and January 
both the species of cormorants settled a bit earlier than in other months while they 
emerged a bit late in December and January. Generally, both the species were found 
settling 5-7 min earlier and emerging 5 min later than the normal times on cloudy 
evenings and mornings. Table 6.3 and 6.4 shows mean emerging and settling time of 
two sympatric species in relation to mean sunrise and sunset in different months 
during study period. When this pooled data (2001-2004) was subjected to one way 
ANOVA, significant difference was found in the emergence time of little cormorant 
(F= 3.525, P<0.018 df = 3, n= 96) and large cormorant (F=3.195, P<0.027 df = 3, n= 
96). Post Hoc test for tukey showed that emergence time of little cormorant in year 
2001 differed significantly with year 2003 (Mean difference 0.485 ±0.18 P<0.047) 
and year 2004 (Mean difference 0.548 ±0.17 P<0.011). Tukey's Post Hoc test for 
large cormorant showed that year 2001 differed significantly with year 2004 (Mean 
difference 0.526 ±0.17, P<0.0I5). As far as the settling time in different years (2001-
2004) is concerned no significant difference was found in little cormorant (F= 0.902, 
P> 0.444 df =3, n= 96) and large cormorant (F= 0.786. P> 0.505 df = 3. n- 96) Post 
hoc test also showed that there was no significant difTcrcnce in these years. 
The Mann- Whitney U test result shows that in year 2001 there was no 
significant difference in the emergence time of little cormorant and large cormorant 
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(Z= - 1.172, P> 0.241, n= 67) while significant difference was found in the settling 
time of two species (Z= - 3.417, P< 0.01, n= 67). Similarly in year 2002 there was no 
significant difference in the emergence time of little cormorant and large cormorant 
(Z= - 1.082, P> 0.279, n= 55) but significant difference was found in their settling 
times (Z= - 3.167, P< 0.002, n= 55). In year 2003 also no significant difference was 
found in the emergence time of two species (Z= - 0.879, P> 0.379 n= 46) but their 
settling time varied significantly (Z= - 3.153. P< 0.002, n= 46). 
Four years (2001-2004) combined slalislical results showed no significant 
difference in emerging time of little and large cormorant (Z= - 1.899, P> 0.086, n= 
192) while significant difference was found in their settling time (Z= - 5.662, P< 
0.01, n= 192). When this pooled data was analyzed to see any seasonal differences it 
was found that there was significant difference in the emergence time (Z= - 3.224, P< 
0.001, n= 84) and the settling time (Z= - 6.572, P< 0.000, n= 84) of little cormorant 
and large cormorant in winter (2001-2004). No such significant difference emerged in 
the emergence time of little cormorant and large cormorant (Z= - 0.614, P> 0.539, n= 
54) in summer (2001-2003) where as their settling time (Z= - 5.193, P< 0.000, n= 54) 
differed significantly in this season. As far as monsoon (2001-2003) is concerned no 
significant difference was found in the emergence time of two species (Z= -1.560, P> 
0.119, n= 54) while difference was significant in their settling times (Z= - 3.310, P< 
0.001, n= 54). 
During the study period it was found that from a minimum of 12 hrs 44 min in 
little cormorant and 13 hrs 26 min in large cormorant in the beginning of January the 
total roosting hours came down to minimum of 11 hrs 20 min and 12hrs 2 min 
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respectively in end of March. It was found tiiat total roosting hours went on reducing 
by June in both the species. From July onwards roosting hrs started increasing in both 
the species. Table 6.3 and 6.4 shows the mean roosting hours in different months in 
year 2001-2004 (pooled) in little and large cormorants. 
When this pooled data for four years was combined month -wise to ascertain 
the monthly difference in the roosting pattern within two species, I found significant 
difference in the roosting hours (F=230.539, P<0.000 df = II, n= 96) of little 
cormorant in different months in pooled data of four years (2001-2004). In large 
cormorant also roosting hours (F=138.590, P<0.000 df =11, n= 96) in different 
months in this period varied significantly (2001-2004). Tukey's Post Hoc results are 
given in Table 6.5 & 6.6. 
Thus the results of the study suggest that there was difference in the roosting 
pattern of two species. The percentage of roosting hours in a 24 hour period is lower 
in little cormorant as compared to large cormorant. There was a mean difference of 
41 min in the roosting hrs of two species (Table 6.7). When the year- wise anal>sis 
was done to see the statistical difference between species it was found that in year 
2001, 2002 and 2003 there was significant difference in the roosting hours of little 
cormorant and large cormorant (Z= - 2.270, P< 0.023, n= 68, Z=- 2.284, P<0.022, n= 
54, Z= - 2.021, P< 0.043, n= 46 respectively). The statistical results of pooled data 
2001-2004 showed that roosting hours differed significantly in little cormoranl and 
large cormorant in four years (Z= - 3.724, P< 0.000, n=192). When Mann -Whitney U 
test was performed to see seasonal differences in the roosting hours I found that in all 
the three seasons i.e. winter (2001-2004), summer (2001-2003) and monsoon (2001-
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2003) there was significant difference in the roosting hours of little cormorant and 
large cormorant (Z= - 4.134, P< 0.000, n= 84, Z= - 2.434, P< 0.015, n= 54 and Z= -
4.496, P< 0.000, n= 54 respectively). In all these years and seasons it was observed 
that large cormorant spent more time in roosting than little cormorant. 
It was observed that both the species of cormorant performed certain post- and 
pre- roosting displays. Before finally retiring for a night sleep they were seen hopping 
on the branches, preening, flying and sometimes sitting alert. On some occasions 1 
found them chasing each other. Serious competition was also noticed for occupying 
the best place. Flying around the trees before sating on it was a common activity on 
roost site. At times a large number of cormorants sat on a tree and suddenly flew off 
probably realizing the presence of too many for the branches to support. At least 70 % 
of the cormorants would return to the same tree after a very short flight while 5 to 8 
% returned after flying a larger circumference. Remaining cormorants used to fly off 
to adjoining trees. This was noticed number of times before they finally selected their 
permanent positions for the night rest. Sometimes, when birds were disturbed at one 
roost, they flew to another one and joined the cormorants present there. They were 
also recorded moving from one roost to another during the course of time of settling 
without any apparent motive. By the time a little light breaks a tremendous activities 
were recorded among the cormorants before they dispersed in all directions. 
6.4 Discussion 
Roosting behavior of the cormorants is fascinating to watch, particularly when the 
birds settles in the roosting trees. It is a very spectacular year- round phenomenon. 
The arrival and departure is correlated with the light intensity which is governed by 
156 
the rising and setting of the Sun. Changes in light intensity due to climatic factors like 
rain and clouds also effect the arrival & departure times. During rainy season or 
cloudy evenings or on windy days both the species roosted earlier than the normal 
roosting time. Thus, it appears that the regulating factor determining the roosting of 
two species is oriented by photoperiodicity. Although light intensities is probably the 
most influential factor in determining the roosting times, observations have 
implicated other factors such as circadian rhythms, length of the day, season of the 
year, stage of the reproductive cycle, hunger, ambient temperature and type of habitat 
(Welty, 1982). Our results showed a decrease in total roosting hrs of two sympatric 
species of cormorants till June and thereafter June, as the winters approach roosting 
time started increasing. This was probably due to changes in night length. After 21 of 
June (longest day in summer) there is increase in night lengths. As nights in winters 
are longer than in summer, the two species were observed spending more time on 
roosting site in winter. 
Comparing to other birds little and large cormorant are "late risers". There is 
difference in the roosting pattern of two species. Both the species appears to adjust 
their roosting timings according to day length in different seasons. It was observed 
that large cormorant settles down earlier than little cormorant while little cormorant 
leaves the roost a little bit earlier than large cormorant. It means large cormorant 
leaves the foraging ground earlier than little cormorant and little cormorant reaches 
the foraging ground a bit earlier. This tends to minimize competition between two 
species on foraging ground as well as on roosting site. This might help them to 
coexist successfully. Mac Arthur (1972) also reported that in order to coexist in same 
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locality species that come into competition will evolve differences to minimize the 
impact of competition. 
The difference in roosting hours also affects the daily routine of two species. 
As large cormorant spent a little more time on night roost as compared to little 
cormorant, which is seen taking more rest during noon time, they were found to be 
active at different times (differential patterns of temporal activity). This is one of the 
criteria of ecological differences between sympatric species (Pianka 1988). The 
difference in roosting hours allows them to coexist in the same area and partition 
resource differentially between them. The difference in roosting hours between 
cogeneric sympatric species is probably one of the indirect means of ecological 
isolation, for it affects feeding cycles (Yahya 1987). 
Roost site selection plays a pivotal role in nesting success of any species. Judicious 
selection of the roosting site may enhance the survival of birds, by virtue of reduced 
heat loss, information sharing, accountability of population and better protection from 
predators (Tast and Rassi 1973). During the study period it was observed that 
cormorants preferred Banyan (Ficus bengalensis), Peepal {Ficus religiosa) and Gular 
(Ficus glomerulata) trees for roosting probably because of greater overall height. 
According to Ward and Zahavi 1973 the bird's main defense lies in the selection of 
inaccessible sites for roosting. While selecting the roost tree the most important 
aspect for cormorants is of reducing the risk of predation. The preference for tall trees 
with dense canopy cover by cormorants suggests that they adopt an anti- predator 
strategy during roost tree selection. Hence they mostly utilize upper and middle 
canopy for the same reason. Hence predation is probably one of the factors 
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influencing roost tree selection. Cormorants had been found roosting on different tree 
species in the study area. This suggests that during roost tree selection physical 
characteristics of trees are of main consideration. 
Another interesting point is that both the species of cormorants regularly used 
roost site that was located near human habitation. Being near to human settlement the 
site was quite disturbed but birds used it successfully throughout the study period. 
The reason could be that cormorants feel safe as they roost communally in company 
of different bird species. The phenomenon of mixed roosting strongly supports the 
notion of avoidance of predation being an important function of communal roosting 
(Gadgil 1972). Moreover this roost site was used by cormorants as it was close to the 
Sheikha jheel which acts as food center for them. Proximity to food sources may be 
another factor in roost site selection (Eiserer 1984). The proximity to food sources to 
roosts makes intuitive sense, since the shorter distance traveled daily by the birds 
could mean longer feeding time and less energy spent during foraging flights. 
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Table 6.1 Characteristics of used an unused tree at roost site in Sheikha 
during January 2001- March 2004. 
Roost site characteristics 
Tree height 
GBH of trees 
Canopy cover of trees 
Distance to habitation 
Distance to road 
Distance to river 
Used tree (n= 11) 
Mean ± SE 
23.12 m ±2.50 
5.26 m ±3.31 
71.25% ±6.29 
0 
500m 
IKm 
Unused tree (n= 57) 
Mean ± SE 
16.75 ±2.40 
2.49 ± 0.64 
48.13%± 17.71 
0 
500m 
IKm 
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Table 6.2 Correlation (r) between emerging/ settling of two sympatric species of 
cormorant in relation to sunrise and sunset in Sheikha Jheel in different 
years. 
Little cormorant Large cormorant 
Year No.ofDavs lEmercinc lime Settling Time Emerging Time Settling Time 
"(r) (r) (r) (r) 
2001 34 0.952 0.962 0.948 0.952 
2002 27 0.930 0.959 0.948 0.953 
2003 23 0.945 0.965 0.969 0.845 
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Table 6.3 Mean emerging/ settling and roosting time (hr) of little cormorant 
in relation to sunrise and sunset during January 2001- March 2004. 
Month 
(n== 16 days) 
per month 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
Emerging Time 
(B) 
06.44 
06.35 
06.01 
05.33 
05.10 
05.00 
05.11 
05.26 
05.40 
05.57 
06.19 
06.36 
Sunrise 
07.04 
06.56 
06.22 
05.51 
05.30 
05.21 
05.30 
05.46 
05.59 
06.12 
06.42 
06.56 
Settling Time 
(A) 
18.00 
18.21 
18.41 
18.53 
19.08 
19.13 
19.17 
19.03 
18.39 
18.04 
17.46 
17.40 
Sunset 
17.48 
18.09 
18.28 
18.44 
19.01 
19.12 
19.17 
18.57 
18.28 
17.56 
17.34 
17.31 
Total Roosting hrs 
(A-B) 
12.44 
12.14 
11.20 
10.37 
10.02 
09.47 
09.54 
10.23 
11.01 
11.53 
12.33 
12.56 
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Table 6.4 Mean emerging/ settling and roosting time (hr) of large 
cormorant in relation to sunrise and sunset during 2001- 2004. 
Month 
(n= 16 days) 
per month 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
Emerging Time 
(B) 
06.53 
06.43 
06.09 
05.38 
05.18 
05.09 
05.18 
05.34 
05.46 
06.06 
06.28 
06.45 
Sunrise 
07.04 
06.56 
06.22 
05.51 
05.30 
05.21 
05.30 
05.46 
05.59 
06.12 
06.42 
06.56 
Settling Time 
(A) 
17.27 
17.48 
18.07 
18.22 
18.37 
18.43 
18.35 
18.36 
18.02 
17.37 
17.13 
17.10 
Sunset 
17.48 
18.09 
18.28 
18.44 
19.01 
19.12 
19.17 
18.57 
18.28 
17.56 
17.34 
17.31 
Total Roosting hrs 
(A-B) 
13.26 
12.55 
12.02 
11.16 
10.41 
10.26 
10.43 
10.58 
11.44 
12.29 
13.15 
13.35 
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Table 6.5 Tukey's Post hoc test for roosting hours of little cormorant in different 
months during January 2001- March 2004. All values are significant at 
.05 level. 
Month 
(I) 
January 
January 
January 
January 
January 
January 
January 
January 
January 
February 
February 
February 
February 
February 
February 
February 
February 
Month 
(J) 
February 
March 
April 
May 
June 
July 
August 
September 
October 
March 
April 
May 
June 
July 
August 
September 
October 
Mean Difference ± SE 
(I-J) 
0.327 ±0.07 
1.229 ±0.78 
1.973 ±0.10 
2.533 ±0.11 
2.977 ±0.10 
2.753 ± 0.08 
2.218 ±0.99 
1.518±0.12 
0.898 ± 0.08 
0.901 ±0.78 
1.645 ±0.10 
2.206 ±0.11 
2.649 ±0.10 
2.425 ± 0.87 
1.890 ±0.09 
1.253 ±0.12 
0.570 ± 0.08 
Probability 
0.003 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
164 
February 
March 
March 
March 
March 
March 
March 
March 
March 
April 
April 
April 
April 
April 
April 
May 
May 
May 
May 
June 
June 
June 
June 
December 
April 
May 
June 
July 
August 
October 
November 
December 
May 
June 
July 
October 
November 
December 
September 
October 
November 
December 
August 
September 
October 
November 
0.569 ±0.12 
0.744 ±0.10 
1.304 ±0.11 
1.748 ±0.10 
1.524 ±0.88 
0.989 ±0.10 
-0.331 ±0.08 
-1.115±0.08 
-1.471 ±0.13 
0.560 ±0.13 
1.004 ±0.12 
0.780 ±0.11 
-1.075 ±0.11 
-1.860 ±0.10 
-2.215 ±0.14 
-0.952 ±0.15 
-1.635 ±0.12 
-2.420 ±0.18 
-2.775 ±0.15 
-0.759 ±0.09 
-1.396 ±0.14 
-2.079 ±0.11 
-2.864 ±0.10 
0.002 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.002 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
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June 
July 
July 
July 
July 
July 
August 
August 
August 
August 
September 
September 
September 
October 
October 
December 
August 
September 
October 
November 
December 
September 
October 
November 
December 
October 
November 
December 
November 
December 
-3.219 ±0.14 
0.535 ±0.10 
-1.172±0.13 
-1.855 ±0.96 
-2.640 ± 0.09 
-2.995 ±0.13 
-0.636 ±0.14 
-1.320 ±0.10 
-2.140 ±0.10 
-2.460 ±0.14 
-0.683 ±0.13 
-1.468 ±0.13 
-1.823 ±0.16 
0.784 ± 0.09 
-1.140±0.13 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.002 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
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Table 6.6 Tukey's Post hoc test for roosting hours of lai^e cormorant in different 
months during January 2001- March 2004. All values are significant at 
.05 level. 
Month 
(I) 
January 
January 
January 
January 
January 
January 
January 
January 
January 
February 
February 
February 
February 
February 
February 
hcHruary 
February 
February 
Month 
(J) 
February 
March 
April 
May 
June 
July 
August 
September 
October 
March 
April 
May 
June 
July 
August 
September 
October 
December 
Mean Difference ± SE 
(I-J) 
0.520 ±0.10 
1.417±0.10 
2.165 ±0.14 
2.862 ±0.15 
2.989 ±0.14 
2.940 ±0.11 
2.416 ±0.13 
1.904 ±0.17 
1.137±0.11 
0.897 ±0.10 
1.645 ±0.10 
2.342 ±0.15 
2.469 ±0.14 
2.419±0.11 
1.895 ±0.13 
1.383 ±0.17 
0.617±0.11 
0.619±0.17 
Probability 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.002 
167 
March 
March 
March 
March 
March 
March 
March 
April 
April 
April 
April 
April 
April 
May 
May 
May 
May 
June 
June 
June 
June 
June 
April 
May 
June 
July 
August 
November 
December 
May 
June 
July 
October 
November 
December 
September 
October 
November 
December 
August 
September 
(ktobcr 
November 
December 
0.748 ±0.14 
1.445 ±0.15 
1.572 ±0.14 
1.522 ±0.11 
0.998 ±0.13 
-1.200 ±0.11 
-1.516±0.17 
0.697 ±0.18 
0.824 ±0.17 
0.774 ±0.15 
-1.028 ±0.15 
-1.948 ±0.14 
-2.264 ±0.19 
-0.958 ± 0.20 
-1.725 ±0.16 
-2.645 ±0.15 
-2.961 ±0.20 
-0.573 ±0.16 
-1.085 ±0.19 
-l.852±0.15 
-2.772 ±0.14 
-3.088 ±0.19 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.012 
0.000 
0.000 
0.000 
0.000 
0.000 
0.001 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
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July 
July 
July 
July 
July 
August 
August 
August 
September 
September 
September 
October 
October 
August 
September 
October 
November 
December 
October 
November 
December 
October 
November 
December 
November 
December 
-0.523 ±1.14 
-1.035 ±0.18 
-1.802 ±0.12 
-2.722 ±0.12 
-3.038 ±0.18 
-1.278±0.14 
-2.198±0.13 
-2.515±0.19 
-0.766 ± 0.18 
-1.686±0.I7 
-2.003 ± 0.22 
-0.920 ±0.12 
-1.236±0.18 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.003 
0.000 
0.000 
0.000 
0.000 
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Table 6.7 Roosting pattern in two sympatric species of cormorants 
during January 2001- March 2004. 
Species Number of 
observations 
Average daily 
roosting hrs 
% of roosting hours 
in total 24 iirs 
Little Cormorant 
Large Cormorant 
96 
96 
Ihr 07min 
lhr48min 
46.12% 
47.83 % 
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Fig. 6.1 Percent canopy cover utilized by little cormorant (LIC) 
large cormorant (LAC) and Species for roosting during 
January 2001- March 2004. 
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Fig. 6.3 Proportions of little cormorant (LIC) and large cormorant 
(LAC) arriving and departing from a roost site in different 
flock size during January 2001- March 2004. 
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Fig. 6.4 Little cormorant emergence time (EM) in 
relation to Sunrise in year 2001. 
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Fig. 6.5 Little cormorant (LIC) settling time (SE) in 
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Fig. 6.6 Large cormorant (LAC) emergence time (EM) 
in relation to Sunrise in year 2001. 
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relation to Sunset in year 2001 
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Fig. 6.8 Little cormorant emergence time in 
relation to Sunrise in year 2002 
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Fig. 6.10 Little cormorant (LIC) settling time (SE) in 
relation to Sunset in year 2002. 
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Fig. 6.11 Large cormorant (LAC) settling time (SE) in 
relation to Sunset in year 2002. 
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Fig. 6.12 Little cormorant (LIC) emergence time (EM) in 
relation to Sunrise in year 2003. 
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Fig. 6.14 Little cormorant (LIC) settling time (SE) in 
relation to Sunset in year 2003. 
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Fig. 6.16 Little cormorant (LIC) emergence time (EM) in 
relation to Sunrise during 2001- 2004. 
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Fig. 6.18 Little cormorant (LIC) settling time (SE) in 
relation to Sunset during 2001-2004. 
Fig. 6.19 Large cormorant (LAC) settling time (SE) in 
relation to Sunset during 2001-2004. 
18.6 
180 
CONSERVATION PRIORITIES 
Introduction 
Wetlands are unique ecosystems. They perform some very useful functions in the 
cycle of nature. In spite of global attention currently focussed on the conservation of 
wetland ecosystems, there does not exist any specific and precise definitions for 
wetlands. "Wetlands" have been defined as swamps and other damp areas of land but 
in common parlance the word is used interchangeably with "Jheels" which denotes a 
large body of water surrounded by land (Chatrath, 1992). The internationally 
accepted definition as per the convention on wetlands of international importance 
(lUCN, 1971) is as follows: "wetlands are the areas of fen, marsh, peatland or water 
whether natural or artificial, permanent or temporary with water that is static or 
flowing, fresh, brackish or salt water, including areas of marine water the depth of 
which at low tide does not exceed six meters". 
Wetlands occur extensively throughout the world in all climatic zones and are 
estimated to cover about 6% of the earth surface. Yet it is very difficult to classify 
wetlands into different types as they exhibit very large differences in their 
hydrological regimes, water quality and soils, and in nature and diversity of their 
biota (Gopal, 1995). The most comprehensive hierarchical system of classification 
has been given by Cowardin et al. (1979). According to this system, all wetlands have 
been divided into five systems: 
a) Marine System 
b) Lacustrine System 
c) Estuarine System 
d) Riverine System 
e) Palustrine System 
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There are wide range of functions associated with wetlands in the maintenance of 
overall balance of nature such as flood control, water storage and purification, 
protection of shorelines, flora and faunal habits, gene pools, recreational besides 
providing outputs of commercial value and economic sustenance to the people. The 
association of man and wetland is ancient. The wetlands have supported mankind 
since historical times. There is an important link between wetlands and the health, 
welfare and safety of large number of people living around or dependent on these 
habitats (Anonymous, 1992). Wetlands being more significant for their high 
productivity and multiple values, are being misused and are subject to population 
pressures in India. 
Sheikha Jheel, like many other 'closed semi- protected areas' in the country, 
symbolizes initiatives and efforts on part of the government to protect and conserve 
areas of ecological importance. Wildlife and natural habitats in India are generally 
conserved by declaring the area as protected. The need to protect wildlife through 
formation of sanctuaries and national parks was realized long ago but mere protection 
of the area will not ensure biodiversity conservation (Singh and Vishwakarma, 1997). 
Though the protected area network has increased, management of these areas has not 
shown proportionate improvement. Often the management of the protected area has 
not been properly planned, and most planning's lack economic incentives for local 
people. Rather, imposing of national parks on rural communities has a number of 
negative consequences, including restrictions of access to traditionally used resources 
(Croft, 1981) and the disruption of local cultures and economies by tourists 
(Callimanapulos, 1982). Nawabganj bird sanctuary in Unnao, on Lucknow - Kanpur 
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inputs and should keep the socio- economic aspects equally in view (Chatrath, 1992). 
This can only be done if adequate research data are available about the flora and 
fauna of the area and the impacts of human induced activities. 
In the light of the above, the present study helps us to propose certain preliminary 
recommendations that can lead to effective conservation of Sheikha Jheel as well as 
the waterfowl species, particularly the two sympatric species of cormorants. 
Conservation Action and Recommendations 
Proper management of area: Sheikha Jheel should be declared as a multiple use 
protected area allowing access to people for recreational, economic and social reasons 
as they do have sentimental association with the wildlife in the Jheel. Considering 
their supportive views for the conservation of the Jheel, lands belonging to farmers 
should not be acquired. At the same time no new crops field should be allowed to 
come in the wetland. A tourist complex should be built little away from the Jheel. 
Tourism is necessary to educate the public about wildlife and to enjoy the pleasure of 
being in wilderness. This will be a great step for Aligarh district as it is short of 
natural areas where people can go for family outings. This will also generate 
possibilities for some employment in the area. 
Tourist complex should be well equipped with basic facilities like a restaurant, 
small park, clean toilets, parking place and a station for forest guards. Plantation of 
trees like neem Azadirachta indica, sheesham Delbergia sisoo, peepal Ficus religiosa 
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and bargad Ficus benegalensis can be done in and around the tourist complex. These 
trees are preferred by various birds, specially two sympatric species of cormorants for 
roosting and nesting. So this plantation will provide refuge to many bird species along 
with the beautification of the area. 
The district administration in 1991 took certain steps to beautify Sheikha 
Jheel. Under that agenda a road was to be constructed around the wetland. Such 
developments are not recommended in near future as they will have detrimental 
effects on the Jheel and will also make poaching much easier. Even the mounds and 
trail that were built under this scheme are not desirable. Plantation done on this 
mound has perished and siltation is taking place making the wetland shallow day by 
day. Moreover, Sheikha being a small wetland does not need mound as they restrict 
the flow of water and might give an impression of land to the migratory birds from a 
height. The watch tower now being built in Sheikha is a right step as it will help 
people to watch birds easily. 
Livestock grazing should be allowed especially on the fringes during summer 
when some part of the Jheel dries up. This helps in removing the accumulated 
biomass which if not grazed will die, decompose and turn up the aquatic ecosystem 
into a terrestrial habitat. There are large numbers of trees on two sides of the Jheel. If 
more trees are planted around or inside the Jheel the wetland will be encroached by a 
forest, so no more tree plantation should be allowed near the Jheel. 
The population of aquatic avifauna in wetlands is the useful indicators of the 
ecological status of wetland ecosystem (Axell, 1982). During the present study a 
number of problems associated with wetland birds, especially cormorants, have been 
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identified. The alteration of habitat is mainly caused by weed menace and human 
interference within the wetland habitat (Saikia &. Bhattacharjee, 1993). The most 
widely prevalent weed, Water hyacinth Echhornia crassipes is found to grow and 
cover every puddle of water, marshes, ponds within the Sheikha Jheel, especially in 
Sheikha B, resulting in the shrinkage of open water and accelerating eutrophication. 
This in turn affects the habitat of cormorants as they preferred areas of open water. 
Being piscivores, the cormorants do not prefer waterbodies with lots of floating 
vegetation as thai may hinder their diving and feeding activities (Vyas, 1993). The 
macrophytes, like water hyacinth, provide a restricted habitat for cormorants and 
shelter the fishes. Moreover, these macrophytes act as feed, shelters and oxygenator 
of the waterbody during the-day-by their photosynthetic activity; but by nightfall they 
become traps and fish kill may occur due to lack of oxygen and increasing level of 
corbon dioxide (Rajyalakshmi, 1995). 
Thus, water hyacinth indirectly affects the cormorants by affecting their prey 
base. The survival of heronry depends, in addition to the availability of safe nesting 
sites, on the continued availability of suitable feeding conditions. Thus, at each site 
chosen for protection, important feeding sites where nesting birds forage need to be 
identified and efforts should be directed at protecting them (Subramanya, 1996). 
Since protection given at nesting site alone cannot ensure conservation of heronry 
(Venkatraman and Muthukrishnan, 1993), it is necessary to preserve the feeding 
habitats of these birds. Therefore, to keep the wetland system healthy the water 
hyacinth should be eradicated completely and should not be allowed to grow again. 
The Besharum [Ipomea earned) growing at the banks of the Jheel is spreading fast. It 
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should be removed manually but only after the breeding season of resident birds is 
over. People from Sheikha village should be hired on daily wages by the Forest 
Department for removal of Ipomea. This will generate some income for the weaker 
sections of the locality. 
Illegal fishing and poaching should be stopped: Another problem of the Sheikha 
Jheel is illegal fishing by local people. Illegal fishing is quite frequent in Sheikha 
Jheel. People use different techniques like nets, gillnets, baits to catch fish. This 
greatly affects the fish abundance in the wetland that has to be available for fish 
eating birds like the little and large cormorants. Shrimps and prawns, which are the 
predominant component of fisheries, are important food for waterfowls, cormorants 
and other predatory birds. Exploitation of these species causes disruption of food 
chains in the system. Some species of fish as well as other aquatic animals which 
depend exclusively on shrimp as feed would tend to slowly disappear. At the same 
time, fish being an important link in wetland food chains feed on a variety of micro-
and macro-organisms and also on detritus and therefore help in preventing the 
accumulation of detritus in the wetland (Rajyalakshmi, 1995). To protect the prey 
base of the pisivore birds fishing should be minimized in this area. 
In Sheikha poaching of birds by city dweller is rather a regular phenomenon. 
This is a serious problem in waterfowl conservation. The poaching of migratory and 
resident birds continues throughout the year. The high demand of wild birds has led 
to the increase of birds trapping. The people of Sheikha are not able to stop the 
poachers as they have no support of the forest department or other administrative 
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authorities. Villagers liave resentment as certain times tliey had caught some poachers 
red-handed and had snatched their guns but when the matter was reported to police no 
proper step was taken against them. It is a healthy sign that the villagers intend to see 
the Jheel in a healthy ecological state for maintaining the water table of the area, 
which would help them in agriculture. For this reason they bear some loses also. 
Every year, when Jheel is overflooded some of the adjoining crop fields get 
submerged and become useless for agriculture activities. For the sake of the Jheel 
farmers do not stretch their cultivation area up to its fringes. The Jheel has very god 
potential for the cultivation of water chestnut and lotus but only a small portion of 
Jheel is used for this purpose. Rest of the area is left for waterbirds. When people arc 
so eco- friendly it is a prime duty of the Administrative authorities to help people in 
resolving problems related to the area. Forest department will be able to understand 
some of these issues in right perspective by direct interaction with local communities 
and by understanding their requirements and expectations from the area. In Sheikha 
there is an urgent need of forming a van panchayat or van suraksha samiti (village 
protection committee). This will help the villagers to gain confidence to fight against 
poachers and to work for wildlife conservation issues. Local people should also be 
educated on bird conservation and wildlife protection act. The Forest Department 
should also keep a proper vigilance of the Jheel so as to check the poaching. 
Moreover, the Sheikha Jheel is an IBA Site, therefore, its management is a paramount 
issue. Since the resident waterfowl spend most of their life, including breeding, in the 
wetland, their conservation should have priority in the management of wetlands 
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(Vijayan, 1995). Although cormorants are not threatened, being wild species they 
should also be protected (Nettleship and Duffy, 1995). 
Awareness among locals: Sheikha also has management problems arising out of the 
conflict between the local communities. The local Gram Samaj is not happy about the 
allocation of some land around the Jheel to backward classes (SC/ ST and OBC) 
because once the land comes under their acquisition they start clearing the grasslands 
and tree groves for the purpose of agriculture. Regarding this people have some 
resentment against the Revenue Department as this will affect the sustainability of the 
biodiversity of this area. Elsewhere too, vast areas of wetlands are being reclaimed 
for housing, agriculture and industrial estates (Swayer, 1990). As the human 
populations expand, their increasing demands for land and resource cause conflicts 
between the protected area and their surrounding human communities. As these 
conflicts appear to be disadvantageous to both it is useful to examine how such 
conflicts might be resolved or at least managed (Hough, 1988). The long- term 
solution to the problem of protecting wetlands lies in educating people. Unless people 
realize the need to safeguard the wetland ecosystems, there is little hope for the 
survival of these ecologically valuable habitats (Anonymous, 1992). It is important to 
have adequate database and information on socio- economic and other aspects for any 
planning exercise (Chatrath, 1992). 
Conserving biodiversity and the protection of ecosystems thus requires 
innovative approaches, as well as the co-operation and support of local people. The 
local people must understand the value of protecting the area, rather than being told 
that it is something they ought to do. Hence, there is an urgent need to carry out 
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environmental awareness campaign in the area. Environmental awareness campaign 
will make children, men and women aware about the importance of the area. 
Education on the importance of wetland ecosystem should be initiated, especially for 
school children. Nature walks and slide shows will also be helpful in this pursuit. List 
of major flora and fauna of the area should be distributed among villagers. 
Monitoring and Research: Information on roost site selection by a species carries 
immense importance for assessing its conservation needs (Trivedi and Johnsingh 
1996). It also plays a pivotal role in nesting success of any species. Judicious 
selection of the roosting site may enhance the survival of birds. Trees around the 
Sheikha village act as good roosting and breeding sites for the two sympalric species 
of cormorants and other heronry species such as egrets and ibises. These roost sites 
should be adequately protected and monitored to ensure the continued use of these 
sites. Prolonged safety from disturbances at a given roost site appears to tempt bird to 
utilize the same site for nesting. In fact, several heronries have begun as roost sites. 
Thus, identifying large roost sites of colonial waterbirds and providing them 
protection may help nesting in long run (Subramanya 1996). These roost sites can 
also be used to gather important demographic information on cormorant populations. 
Continued monitoring over several years and identification of other roosting sites 
would help in assessing the population status and identifying any decline in numbers. 
It has become important to keep even the records of common birds as there was a 
time when white backed vultures were nesting on the trees at the bank of Sheikha 
Jheel in good numbers. Recently all over the country they are dying mysteriously and 
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have disappeared from Sheikha also. If regular monitoring would have been done 
they would have not met such destiny. 
The cormorants have been facing some harassment at the roosts and at feeding 
areas. This probably influences their movements also. Human activity often 
frightened the birds away from roosts (Aderman & Hill 1995). Mott et al. (1990) also 
noted a decrease in the numbers of roosting Double- crested Cormorants following 
night time harassment activities. Though at times some negative ecological effects are 
noted in the environs of communal roost sites (Brough 1969, Vining and Weeks 
1974, Garner 1978) and some eradicating measures have been suggested (Cummings 
1979, Mott 1980) no such problem is reported in Sheikha. In general the villagers feel 
proud of Sheikha Jheel but as the roost sites are very close to human habitation they 
are facing a little problem. Although most of the villagers do not harm the birds on 
roost, some people try to frighten them as they feel that these birds harm the trees and 
making the environment unhealthy by their droppings. 
Wetland and waterbird research should be encouraged in the area. Regular 
monitoring of species diversity in area is required. This may be conducted by Forest 
Department with the help of local NGO's. Various department of close by Aligarh 
Muslim University should initiate some long term ecological studies, especially on 
limnology, aquatic vegetation and picifauna at Sheikha Jheel. Though a pilot bird 
banding programme was started here back in 1988 (Yahya et al. 1990), this is a very 
suitable site for a permanent bird banding station. Monitoring abundance and 
fluctuation of resident and migratory birds is another interesting pursuit. 
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APPENDIX - 1 
List of the plants species 
Scientific Name 
Ipomea carnea 
Evolvulus alsinoides 
Convolvulus microphyllus 
Wolffia Arrhiza 
Spirodela polyrrhiza 
Rumex dentalus 
Polygonum plebium 
Polygonum barhatum 
Desmodium 
Alhagi pseudo-alghi 
Melilotus indica 
Prosopis juliflora 
Acacia nilotica 
Boerhavia rependa 
Boerhavia diffusa 
Hemigraphis 
Staurogyne hirta 
Rungia puncata 
Capparis horida 
Capparis zeylanica 
Capparis decidua 
Ranunculus scleratus 
Cissampelos parriera 
Cocculus hirsutus 
Tamarix dioca 
Abutilon 
Bombax ceiba 
Lagerstomia 
Azadirachta indica 
Dalbergia sissoo 
Terminalia arjuna 
Eucalyptus lanceolatus 
Ludwig adscens 
Coccinia cordifolia 
Zizyphus oenophela 
Gnaphalium pulvinatum 
Gnaphalium 
Pluchea lanceolatus 
Ageratum conizoides 
Blumea Sps. 
identified at Sheikha Jheel 
Family 
Convolvulaceae 
Convolvulaceae 
Convolvulaceae 
Lemnaceae 
Lemnaceae 
Poiygonaccac 
Polygonaceae 
Polygonaceae 
Fabaceae 
Fabaceae 
Fabaceae 
Mimoaceae 
Mimoaceae 
Nyctaginaceae 
Nyctaginaceae 
Acanthaceae 
Acanthaceae 
Acanthaceae 
Capparaceae 
Capparaceae 
Capparaceae 
Ranunculaceae 
Menispermaceae 
Menispermaceae 
Tamariaceae 
Malvaceae 
Bombacaceae 
Sterculaceae 
Meliaceae 
Caesalpinaceae 
Combretaceae 
Myrtaceae 
Ongraceae 
Cucurbitaceae 
Rhamnaceae 
Asteraceae 
Asteraceae 
Asteraceae 
Asteraceae 
Asteraceae 
215 
Eclipta prostrata 
Laggera aurtia 
Sonchus olearus 
Erigeron ponariensis 
Vernonia cineria 
Cichorium intybus 
Lawnia nudicolis 
Xanthium strumarium 
Plumbago zeylanica 
Diospyros melanoxylon 
Calatropis procera 
Erithria ramosesimia 
Nymphoides cristate 
Heliotropium 
Cordia dichotoma 
Nicotiana plumbagifolia 
Withania somnifera 
Solanum nigrum 
Mazus japonicus 
Vernnica anagallis-aquatica 
Bacopa monnieri 
Utricularia 
Phyla nodiflora 
Lantana camra 
Achrynthus asper 
Amranthus 
Chenopodium murale 
Chenopodium album 
Euphorbia hirta 
Kringalia 
Ficus benghalensis 
Ficus religiosa 
Ficus glomerulata 
Syzigium cuminii 
Ceratophyllum demersum 
Zeuxine 
Commelina benghalensis 
Eichornia crassiseps 
Typha anguistata 
Potamogeton nodosus 
Cyperus rotundus 
Fimbristvlis 
Asteraceae 
Asteraceae 
Asteraceae 
Asteraceae 
Asteraceae 
Asteraceae 
Asteraceae 
Asteraceae 
Plumbaginaceae 
Ebenaceae 
Asclepediceae 
Gentianaceae 
Gentianaceae 
Borgaginaceae 
Borgaginaceae 
Solanaceae 
Solanaceae 
Solanaceae 
Scrophulariaceae 
Scrophulariaceae 
Scrophulariaceae 
Lentibulariaceae 
Verbenaceae 
Verbenaceae 
Amaranthaceae 
Amaranthaceae 
Chenopodiaceae 
Chenopodiaceae 
Euphorbiacea 
Euphorbiacea 
Moraceae 
Moraceae 
Moraceae 
Moraceae 
Ceratophyllaceae 
Orchidaceae 
Commelinaceae 
Pontederiaceae 
Typhaceae 
Potamogetonaceae 
Cypcraccac 
Cypcraceac 
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Scripus 
Ergrostis japonica 
Paspalidium gemimatum 
Arudo donax 
Saccharum munja 
Saccharum spontaneum 
Imperata cylindrica 
Dicanthium annulatum 
Phalahs minor 
Sporobolus annulatum 
Paspalum distichum 
Poa annua 
Desmoslacchya bipinnala 
Cynodon dactylon 
Polypogon monospeliensis 
Cenchrus ciliaris 
Phragmites karka 
Equisetunm 
Azolla 
Marsilea 
Cyperaceae 
Poaceae 
Poaceae 
Poaceae 
Poaceae 
Poaceae 
Poaceae 
Poaceae 
Poaceae 
Poaceae 
Poaceae 
Poaceae 
Poaceae 
Poaceae 
Poaceae 
Poaceae 
Poaceae 
Pteridophytes 
Pteridophytes 
Pteridophytes 
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APPENDIX - 2 
List of the birds of Sheikha Jheel* 
Family/ Species 
Podicipitidae 
Little Grebe 
Phalacrocoracidae 
Great Cormorant 
Little Cormorant 
Darter 
Ardeidae 
Yellow Bittern 
Grey Heron 
Purple Heron 
Indian Pond Heron 
Cattle Egret 
Great Egret 
Intermediate Egret 
Little Egret 
Ciconiidae 
Painted Stork 
Asian Openbill 
Blacknecked Stork 
Woollynecked Stork 
Threskiornithidae 
Black-Headed Ibis 
Glossy Ibis 
Black Ibis 
Eurasian Spoonbill 
Anatidae 
Greylag Goose 
Lesser Whistling Duck 
Ruddy Shelduck 
Northern Pintail 
Barheaded Goose 
Common Teal 
Spotbilled Duck 
Gadwall 
Eurasian Wigeon 
Garganey 
Northern Shoveller 
Scientific Name 
Tachybaptus ruficollis 
Phalacrocorax carho 
Phalacrocorax niger 
Anhinga rufa 
Xyobrychus sinensis 
Ardea cinerea 
Ardea purpurea 
Ardeola grayii 
Bubulcus ibis 
Casmerodius albus 
Mesophoyx intermedia 
Egretta garzetta 
Mycteria leucocephala 
Anastomus oscitans 
Ephippiorhynchus asiaticus 
Ciconia episcopus 
Threskiornis aethiopica 
Plegadis falcinellus 
Pseudibis papillosa 
Platalea leucorodia 
Anser anser 
Dendrocygnajavanica 
Tedornaferruginea 
Anas acuta 
Anser indicus 
Anas crecca 
Anas peocilorhyncha 
Anas strepera 
Anas pene lope 
Anas querquedula 
Anas clypeata 
Statu! 
C,R 
C,R 
C,R 
C,R 
C,R 
C,R 
C,R 
C,R 
C.R 
C,R 
C,R 
C,R 
C.R 
C,R 
UC,R 
C,R 
C,R 
C,R 
C,R 
UC,R 
C M 
C,R 
C M 
C M 
C M 
C M 
C R 
C M 
C M 
C M 
C M 
^Nomenclature as given by Grimmett et al. 1998 
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Common Poachard 
Red-crested Pochard 
Ferruginous Pochard 
Cotton Pygmy- Goose 
Comb Duck 
Tufted Duck 
Accipitridae 
Eurasian Sparrow- Hawk 
Egyptian Vulture 
Eurasian Marsh Harrier 
Short- Toed Snake Eagle 
Black- Shouldered Kite 
Black Kite 
Brahminy Kite 
Shikra 
Greater Spotted Eagle 
Falconidae 
Common Kestrel 
Phasianidae 
Grey Francolin 
Indian Peafowl 
Gruidae 
Sarus Crane 
Rallidae 
Whitebreasted Waterhen 
Brown Crake 
Common Moorhen 
Purple Swamphen 
Spotted Crake 
Common Coot 
Bronze- Winged Jacana 
Pheasant- Tailed Jacana 
Rostra tulidae 
Greater Painted Snipe 
Recurvirostridae 
Pied Avocet 
Black- Winged Stilt 
Glareolidae 
Indian Courser 
Charadriidae 
Yellow Wattled Lapwing 
Redwattled Lapwing 
Aylhya farina 
Rhodonessa riifina 
Aythya nycroca 
Nettapus coromandelianus 
Sarkidiornis melanotos 
Aythya fuli^ula 
Accipiter nisus 
Neophron percnopterus 
Circus aeruginosus 
Circus gallicus 
Elanus caeruleus 
Milvus migrans 
Haliastur indus 
Accipiter badius 
Aquila clanga 
Falco tinnunculus 
Francolinus pondicerianus 
Pavo cristatus 
Grus antigone 
Amaurornis phoenicurus 
Amaurornis akool 
Galinula chloropus 
Porphyrio porphyrio 
Porzana porzana 
Fulica atra 
Metopidius indicus 
Hydrophasianus chirurgus 
Rostratula benghalensis 
Recurvirostra avosetta 
Himantopus himantopus 
Cursorius coromandelius 
Vanellus malabaricus 
Vanellus indicus 
C M 
U C M 
UC, M 
UC, R 
C, R 
C M 
UC,R 
C R 
C R 
C R 
C R 
C R 
U C R 
C R 
UC,M 
UC,R 
C R 
C R 
C R 
C R 
UCR 
C R 
C R 
C R 
C M 
UC,R 
UC,R 
C R 
UC,M 
C L M 
C L M 
C M 
C R 
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Whitetailed Lapwing 
Little Ringed Plover 
Kentish Plover 
Blacktailed Godwit 
Marsh Sandpiper 
Wood Sandpiper 
Green Sandpiper 
Common Sandpiper 
Common Snipe 
Little Stint 
Temmincks Stint 
Common Greenshank 
Common Redshank 
Spotted Redshank 
Ruff 
Eurasian Curlew 
Laridae 
Black headed Gull 
Sternidae 
River Tern 
Black-Bellied Tern 
Columbidae 
Eurasian Collared Dove 
Red Collared Dove 
Laughing Dove 
Rock Pigeon 
Yellow-Footed Green Pigeon 
Psittacidae 
Roseringed Parakeet 
Blossom Headed Parakeet 
Cuculidae 
Koel 
Pied Cuckoo 
Greater Coucal 
Strigidae 
Spotted Owlet 
Apodidae 
House Swift 
Asian Palm Swift 
Alcedinidae 
Pied Kingfisher 
White- Throated Kingfisher 
Vanellus leucurus C, M 
Charadrius dubius C, M 
Charadrius alexandrinus C, M 
L'lmosa, limosa C, M 
Tringa stagnatilis C, M 
Tringa glareolci C, M 
Tringa ochropus C, M 
Actitis hypok'ucos C, M 
Gallinago gaUinago C. M 
('alidris minuia C\ M 
Calidris temmincks C, M 
Tringa nebularia C, M 
Tringa tutanits C, M 
Tringa erythopus C, M 
Philomachus pugnax C, M 
Numenius arquata C, M 
Larus ridibundus C, M 
Sterna aurantia C, R 
Sterna acuticuada C, LM 
Streptopelia decaocto C, R 
Streptopelia tranquebarica C, R 
Streptopelia senegalensis C, R 
Columba livia C, R 
Treron phoenicoptera C, R 
Psittacula krameri C, R 
Psittacula cyanocephala UC, R 
Eudynamus scolopacea C, R 
Clamatorjacobinus UC, M 
Centropus sinensis C, R 
Athene brama C, R 
Apus affinis C, R 
Cypsiurus balasiensis C, R 
Ceryle rudis C, R 
Halcyon smyrnensis C, R 
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Common Kingfisher 
Meropidae 
Green Bee- Eater 
Coraciidae 
Indian Roller 
Upupidae 
Common Hoopoe 
Bucerotidae 
Indian Grey Hornbill 
Capitonidae 
Brown-Headed Barbet 
Coppersmith Barbet 
Picidae 
Black-Rumped Flameback 
Alaudidae 
Oriental Skylark 
Creasted Lark 
Ashycrowned Sparrow-Lark 
Hirundinidae 
Bam Swallow 
Wiretailed Swallow 
Laniidae 
Grey Shrike 
Baybacked Shrike 
Long tailed Shrike 
Oriolidae 
Eurasian Golden Oriole 
Dicruridae 
Black Drongo 
Sturnidae 
Commom Myna 
Asian Pied Starling 
Brahminy Starling 
Bank Myna 
Corvi^ae 
House Crow 
Large - Billed Crow 
Rufous Treepie 
Pycnonotidae 
Red Vented Bulbul 
Muscicapidae 
Large Grey Babbler 
Alcedo atthis 
Merops orientalis 
Coracias benghalensis 
Upupaepops 
ocyceros hirostris 
Megalaima zylanica 
Megalaima hoemacephala 
Dinopium henghcilense 
Alauada gulgula 
Galerida cristata 
Eremoptrix grisea 
Hirundo rustica 
Hirundo smithii 
Lanius excubitor 
Lanius vittatus 
Lanius schach 
Oriolus oriolus 
Dicrurus macrocercus 
Acridotheris tristis 
Strunus contra 
Strunus Pagodarum 
Acridotheris gingianus 
Corvus splendens 
Corvus macrorhynchos 
Dendrocitta vagabunda 
Pycnonotus cafer 
Turdoides malcolmi 
C,R 
C,LM 
C,R 
C,R 
C,R 
C,R 
C R 
U C R 
C,R 
C,R 
C,R 
C M 
C,R 
C,R 
C R 
C R 
UC,R 
C R 
C R 
C R 
UC,R 
C R 
CR 
C R 
C R 
C R 
C R 
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Jungle Babbler 
Streaked Faintail Warbler 
Ashy Wren Warbler 
Jungle wren Warbler 
Great Reed Warbler 
Grasshopper Warbler 
Common Chiffchaff 
Lesser White Throat 
Bluethroat 
Common Tailor bird 
Indian Robin 
Oriental Magpie Robin 
Pied Bushchat 
Common Stone Chat 
Brown Rock Chat 
Motacillidae 
Tree Pipit 
Paddyfield Pipit 
Yellow Wagtail 
Yellowheaded Wagtail 
Grey Wagtail 
Large Pied Wagtail 
White Wagtail 
Nectarniidae 
Purple Sunbird 
Ploceidae 
House Sparrow 
Baya 
Red Munia 
White Throated Munia 
Turdoides striatus 
Zitting Cisticola 
Ashy Prinia 
Prinia sylvatica 
Acrocephalus stentoreus 
Locustella naevia 
Phlloscopus coUybita 
Sylvia curruca 
Luscinia svecica 
Orthotomus sutorius 
Saxicolides fulciata 
Copsychus saularis 
Saxicola caprata 
Saxicola torquata 
Cercomela fusca 
Anthus trivialis 
Anthus novaeseelandiae 
Motacilla flava 
Motacilla citreola 
Motacilla cinerea 
Motacilla maderaspatensis 
Motacilla alba 
Nectarina asiatica 
Passer domesticus 
Ploceus philippinus 
Estrilda amandava 
Lonchura malabarica 
C,R 
C,R 
C,R 
C,R 
C M 
C M 
C M 
C M 
C M 
C R 
C R 
C R 
C R 
C R 
C R 
C M 
C M 
C M 
C M 
C M 
C R 
C M 
C R 
C R 
CR 
C R 
C R 
C=Common ; UC=Uncommon ; M=Migrant; LM= Local Migrai^=Resident; 
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